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INTRODUCTION 


This document represents a compendium of information 
on literature surveys of human reaction to aircraft 
environmental variables conducted by the University of 
Virginia during the period January 1971 through June 1973. 
The data presented has for the most part been extracted 
from existing in-house and memoranda reports. The variables 
considered are motion, noise, temperature and pressure. 

The report is broken down into chapters for each of the 
environmental variables and criteria proposed based on the 
existing literature. 



CHAPTER I 


Mot ion 

A. General 

The effect of motion (linear acceleration, angular 
rotation and angular acceleration) on humans can be classi- 
fied into three general a reas --e f f ects on performance, 
effects on subjective comfort, effects on motion sickness. 
These are purposely treated seperately since the ranges of 
motion which begin to have an effect in each of these areas, 
can be, and usually are, different. For a commercial vehicle 
environment, one is not interested In pushing toward the 
upper limits of degradation in any of these areas, and, 
since the degradation of comfort occurs prior to the onset 
of motion sickness, that area will be emphasized. Effects on 
performance have gotten much attention and these are well 
summarized in the Bioastronautics Data Handbook (1973) and 
Grether, 1971. This document will cover the area of 


subjective comfort 



B. Selected Experiments 


The information displayed in the accompanying table is 
meant to give the reader a ready reference to the type of 
testing that has been done in the laboratory and in the 
field on subjective response to motion. This list is 
highly selective, but does represent a cross section of the 
experiments done to date. As can be seen from the table, 
most of the work has been done in the frequency range of 
1-30 hz with the input being sinusoidal and in the vertical 
direction. The first ten investigators did laboratory 
simulations while the last three did field testing. The 
detai Is and results of these tests can be obtained by 
referring to the original articles or one of the review 
articles indicated. 

Normally two references are given, an indirect 
reference(s) which refers to the review article(s) 
in which the data appeared, and a direct reference which 
indicates the original reporting of the work. Complete 
citations are given in the bibliography. 
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C. Annotated Bibliography 

Below is an annotated bibliography of selected review 
articles in the area of subjective response to motion 
(vibration). It is felt that they, in general, will 
provide the most rapid means of becoming familiar with the 
work done in this area of the general problem of the effects 
of motion on human beings. In addition to the summary 
paragraphs, a measure of value as a review article is 
indicated in parentheses at the conclusion. Both figure and 
reference numbers are se I f- i nc I us i ve and refer only to the 
chapter in which they are cited. 


Beaupeurt, J. E., Snyder, F. W., Brumaghim, S. H. 

and Knapp, R. K. "Ten Years of Human Vibration Research." 
The Boeing Company, Wichita, Kansas, D3-7888, August 1969. 

Reviews ten years of research in whole-body, low 
frequency vertical vibration. The results of twelve 
studies are presented - five in which the objective was 
to define and quantify human subjective reactions to 
vibration and seven in which vibration was a baseline 
condition for evaluation of sensory-motor task perfor- 
mance. Subjective response studies keyed on the iden- 
tification of acceleration levels with the verbal 
labels "perceptible," "mildly annoying," and "alarming" 
and used 15 vibration frequencies ranging from I Hz to 
27 Hz. The acceleration levels are comparable to those 
reported by other i n vest t gators in vibration research; 
and where major differences were noted, they are 
discussed in the report. Generally, subjective responses 
were consistent and reliable. Consistency of results 
in the subjective reaction studies is in contrast to 
the variability in results of the sensory-motor effects 
studies. Tracking performance and speed and accuracy 
of control movements are degraded under vibration. 
Similarly, reading of smaller numerals is degraded by 
vibration, while speech intelligibility and auditory 
performance are not significantly degraded under the 
conditions of the tests. Physical effects of vibration 
are discussed in terms of the relationship between 
frequency of vibration and body sensation. (Fair) 
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Brumaghim, S. H., "Subjective Response to Commercial 

Aircraft Ride: Passenger Ride Quality Testing," The 

Beoing Co., Wichita, Kansas 67202 Presented at the 

International Symposium on Man-Machine Systems, 8-12, 
Sept. 1969: Transport Systems and Vehicle Control 

Vibration testing program to determine airline passenger 
reaction to vibration environments typical of large 
commercial aircraft. Seven ride quality vibration 
tests conducted in 1968. Principal problem was to 
determine acceleration labels in the vertical and 
lateral directions that people find objectionable. 

Further questions: what is the relationship between 

human reactions to vertical and lateral vibration to 
single and combined frequency v i b rat i on? --to single and 
combined axis vibration? Interest confined to reactions 
in the frequency range of 0.20 to 7.0 Hz. Results: 
increasing sens i t i v i ty to vertical vibration as frequency 
increased from 1.0 to 7.0 Hz, with the greatest sensi- 
tivity in the 4.0 to 7.0 Hz range. Subjects found most 
sensitive to lateral vibration in the 1.0 to 3.0 Hz 
range with a nearly linear decrease in sensitivity as 
frequency of lateral vibration increased from 3.0 to 
7.0 Hz. Assuming a linear model of human response to 
vibration, reactions to combined frequencies of vertical 
vibration were predicted from knowledge to reactions to 
component frequencies alone. A fit of thp linear model 
to combined axes (vertical and lateral) vibration was 
not as clear. Possible applications of results include 
their use in design of advanced stability auqmen tat i on 
systems to optimize passenger transport ride quality. 

Need for further testing to substantiate and to extend 
results of the 1968 ride quality test program discussed. 
(Fair) 

Bryce, W. D., "A Review and Assessment of Criteria for 
Human Comfort Derived from Subjective Responses to 
Vibration," National Gas Turbine Establishment, 

Report No. R286, 1966. 

A review of numerous articles on the subjective response 
to vibrations. Discusses the effects of seat restraints 
on lateral and hori zonta I vibration response. Attri- 
butes similarities obtained between responses to verti- 
cal and restrained horizontal motion to common bio- 
mechanical mechanism. Covers frequency range of 
I - I 00 Hz . ( Fai r) 
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Carstens, J. P. et al., "Literature Survey of Passenger 

Comfort Limitations of High-Speed Ground Transports," 
United Aircraft Corp., East Hartford, Connecticut, 

1965, Department of Commerce. 

A survey article of environments, and criteria for 
passenger comfort in all modes of transportation. In 
addition to vibration, which makes up the largest poi — 
tion of the paper, the factors of pressure changes, 
atmospheric contamination, noise, visual disturbances 
and steady acceleration are reviewed. Author presents 
many criteria of other investigators as well as his 
own; however, he does not attempt to explain the 
differences and/or inconsistencies in these data. The 
environmental data is somewhat limited and should only 
be used for crude estimates. (Good) 

Clarke, N. P., Mohr, G. C., Brinkley, J. W,, Henzel, J. H., 

. et al., "Evaluation of Peak vs. RMS Acceleration in 
Periodic Low Frequency Vibration Exposures," Aerospace 
Medicine , 56 ( I I ) , November 1965, 1083-89. 

Subjects exposed to vibration with varying peak and RMS 
accelerations and frequencies to explore the relative 
importance of. these parameters in determining the effect 
of the vibration produced by turbulence in low altitude 
high speed flight. Various RMS acceleration levels and 
frequency content, pairs of periodic vibration exposures 
having the same RMS, but different peak accelerations 
were evaluated using both a subjective severity rating 
and a measure of vibration Induced hand motion. The 
higher peak acceleration of the various pairs having 
the same RMS values was subjectively rated more severe 
in 32 of the 40 observations. But, when attempting to 
•hold the hand in a fixed position during vibration the 
induced deviations from the null point expressed either 
as average or peak to peak errors depend more on RMS 
acceleration and frequency than on peak acceleration. 

( Good ) 

Fernstrom, R. W., Jr., Gechwind, R. T. and Horley, G. L., 

"Cross-Country Speed and Driver Vibrational Environment 
of the M60 Main Battle Tank," AMCMS Code 5543.12.28208.06 
Tech. Memo 7 65, July 1965, 43pp. USA Human Engineering 
Labs., Aberdeen Proving Ground, Md . 

Phase II Determined the maximum g load the driver 

would accept. Results of first phase show that all 
subjects bodies responded to g environments, especially 
vertical g's, in about the same way. Results of phase 
II; subjects have widely differing RMS g and amplitude 
distributions. Computed' correlation between RMS g and 
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vehicle speed for both transverse and longitudinal 
channels. Linear regression technique (RMSg on speed) 
then used to obtain mathematical expressions describing 
the relationship for each course (test). (Fair) 

Gebhard, J. W . , "Acceleration and Comfort in Public Ground 
Tran s po rtat i on , " Johns Hopkins University Applied 
Physics Lab., Report to Department of Transportation, 
Februaryl970. 

An interesting compendium of data on acceleration effects 
in urban transportation systems (trains, trolley cars, 
etc.). The emphasis is on constant acceleration effects 
rather than vibration. An extensive description of the 
work done on ability to keep equilibrium (stand) in the 
presence of longitudinal acce I erat ion and deceleration 
is presented and the effect of jerk is analyzed. It is 
noted that increasing the jerk enables the subject to 
maintain equi librium at higher accelerations. A 
second area described in detail is the work done on 
lateral acceleration through use of train data on curves 
and automobi le data. Emphasis on most work to data has 
been on perceptibility - some on comfort - and little 
or none on acceptability. (Good) 

Goldman, D. E., "A Review of Subjective Responses to 

Vibratory Motion of the Human Body in the Frequency 
Range I to 70 Cycles per Second," Naval Medical Research 
Institute, National Naval Medical Center, Bethesda, 
Maryland, March 16, I960. 

This article represents one of the earliest attempts at 
establishing vertical vibration criteria for identifying 
subjective response. The author uses three levels of 
response - perception, discomfort, and tolerance. This 
paper is primarily of historical interest. (Fair) 

Guignard, J. C., "Human Response to Intense Low-Frequency 

Noise and Vibration," Proc. Inst. Mech . Enqrs. 1967-8, 

Vo I . I 82, pt . I . No . 3. 

The author states that the frequency dependent effects 
of mechanical vibration on human comfort and working 
efficiency are now clearly recognized, as are the 
effects of airborne noise on hearing. Vibration and 
intense noise at very low frequencies can also provoke 
disturbing non-auditory symptoms which are as yet ill 
understood. The paper reviews current problems in this 
field and mentions the work of the International 
Organization for Standardization which is aimed at 
defining I imits of acceptable human exposure to vibra-. 
tion and intense noise. 
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The lower the frequency the less important becomes the 
distinction between routes of transmission of vibration 
energy to the body. Airborne sound of sufficient 
intensity and low frequency (below 100 Hz) can enter 
the body by direct absorption through the surface apart 
from the ear and so excite non-auditory sense organs. 
The ultimate physiological effect of such noise is 
essentially similar to that of whole-body mechanical 
vibration. (Fair) 

Hanes, R. M., "Human Sensitivity to Whole-Body Vibration in 
Urban Transportation Systems: A Literature Review," 

Johns Hopkins University Applied Physics Lab., 

Silver Spring, Maryland, May 1970. 

Ninety references are reviewed. The emphasis given is 
to studies that involve subjective estimates of vibra- 
tion severity and to original experimental data as 
contrasted with derived recommendations. Found that 
major portion of the relevant data comes from only a 
few studies in which the results have been largely 
d i vergent . (Good ) 

Harris, C. S . and Shoenberger, R. W., "Human Performance 

During Vibration," Report from "Autonetics and Office 
of Naval Research Joint Symposium on Visual and Display 
Problems of High Speed Low Altitude Flight, Anaheim, 
California. 3-5 March, 1964." Proj. 1710, Task 171002, 
AMRL TR 65 204, Nov. 1965, 23 pp. USAF Aerospace^ Med. 
Research Labs, WPAFB, Ohio 

Discusses the experimental approaches to the study of 
human performance during vibration. In addition, the 
characteristics of mechanical bodily responses to 
vibration at different frequencies are discussed, and 
human performance studies of the effects of vibration 
are compared with recommended long time tolerance 
curves . 

Hornick, R. J. and Lefritz, N. M., "A Study and Review of 
Human Response to Prolonged Random Vibration." 

Determines the effects of long duration, random vibra- 
tion characteristic of I ow-a I + I tude, high-speed (LAHS) 
flight aircraft on human performance, physiological, 
biodynamic and tolerance responses. Stimulation at 
0.10, 0.15 and 0.20 RMSg with a shaped power spectral 
density from I to 12 while engaging in LAHS control 
tasks. Results related to what has already been done 
in LAHS flight. (Fair) 
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Janeway, R. N., "Vehicle Vibration Limits to Fit the 
Passenger," SAE Preprint 160, Presented at SAE 
National Passenger Car and Production Meeting, 

March, 1948. 

Develops criteria for passenger comfort criteria in terms 
of safe limits du r i ng s i n uso i da I vertical vibration. Con- 
siders three ranges of frequency; 1-6 Hz, 6-20 Hz, and. 
20-60 Hz, as governed by three separate requirements - 
constant maximum jerk, constant maximum acce I e rat Ton , 
and constant maximum velocity respectively. ( Good ) . 

Lee, R. A. and Pradko, F., "Analytical Analysis of Human 
Vibration," Mobility Systems Laboratory, SAE #68001 

Method to determine analytically the response of the 
human being to vibration is developed. Method uses a 
parameter called "absorbed power." Advantage of absorbed 
power as a measurement criterion is that it has physical 

significance places vibration severity on an absolute 

scale and is applicable in time of frequency domain. 

Human physical response is presented in the linear 
range, disagrees with von Gierke’s impedance model. 

Rate of flow of energy becomes the parameter that 
characterizes the interaction of the v i b rat i ng ■ human 
and the envi ronmenf . Energy flow takes place as a 
result of the complex damped elastic properties of the 
anatomy. This energy flow has been designated as average 
"absorbed power." (Good) 

LeFevre, W., "Ride and Vibration Data Manual SAE J6a." 

December 1965, 28 pp . Society of Automotive Engineers, 

Inc. 

Includes a graphical presentation of damped vibrating 
system characteristics aimed at app I i cat i ons to 
vehicle ride and v i b r at i on p rob I ems . Gives picture of 
the scope of the problem. (Good) 

Linder, G. A., "Mechanical Vibration Effects on Human Beings," 
Aerospace Medicine . August 1962, p. 939. 

This paper is a review of the literature on the effects 
of mechanical vibration on man. Although containing 
some information of the physiological responses of 
human beings, it is mainly concerned with physiological, 
psychophysical and performance data. Identifies areas 
in the displacement-frequency domain of concern for 
each of the above. (Good) 
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Parks, D. L., et al., "Human Reaction to Low Frequency 
Vibration," The Boeing Co., Wichita, Report No. I 
on Contract NONR 2994(00), July 1961, Clearinghouse 
Distributor AD26I 330. 

Although primarily a description of an experimental 
program in effects of vertical vibration by the authors, 
this report also contains a limited review of several 
other investigator’s work. Large differences exist 
between the authors' work and similar research by 
others, particularly in the frequency range of 8 to 
15 Hz. These differences are attri buted to test 
configurations and supports and to subject orientation. 
(Good) 

Shurmer, C. R., "Passenger Comfort in Hydrofoils/' Human 
Factors Group, British Aircraft Corp . Ltd., Guided 
Weapons Division, Filton, Bristol. 

Review of existing information on the vibration 
environment of current passenger vehicles, attempts to 
describe the vibration envelope acceptable to passengers. 
(Good) - 

Van Deusen, B. D. , "A Study of the Vehicle Ride Dynamics 

Aspect of Ground Mob i I i ty , " Vo I . II, Human Response to 
Vehicle Vibration. Final Report, Contract DA 22 079 
eng. 403, Contract Rep. 4, 114, Order 400, March 1965, 

71 pages. HSA Engineer Waterways Experiment Station, 
Vicksburg, Miss. (Chrysler Corp., Detroit, Michigan). 

Summarizes the exisitng literature in the area of human 
response to vibration and interprets it in the vehicle 
environment context. Comparisons are made among the 
shake table approaches to determine human response to 
vibration as a function of frequency. Several examples 
or ride comfort studies In actual vehicle environment 
are also discussed. Discusses problem of magnitude 
estimation and both ratio judgement and cross-modality 
techniques are suggested as approaches. Appendices 
give applications of the above in cross-country 
environment. (Excellent) 



D. Proposed Criteria 


This section of the report is an assessment of the 
state-of-the-art of the relationship of motion (primarily 
vibration since the great bulk of the work relates to this 
aspect) to the subjective response of human beings. The data 
presented takes the form of a set of tables and figures 
giving the criteria and experiments of other investigators 
and the criteria proposed based on the present study. The 
recommended comfort limits presented are somewhat conserva- 
tive. It is felt that the wide variation in both magnitudes 
and trends in subjective reaction to motion reported by various 
various researchers requires a conservative approach to 
criteria at this date. This variation can be seen in 
Figure I where one experimenter finds levels intolerable that 
another finds not even mi Idly annoying, another’s perceptible 
is unpleasant in still another worker's findings. This 
discrepancy is representative of all the data to date and 
the semantic differences in the scales does not account for 
the variance. Some of the inconsistency is traceable to the 
type of experiment - most is not. At best one can only 
state that it is imperative that future testing be of a much 
more systematic nature delving into not only the motion 
input, but the experimental method and conditions, psycho- 
physical responses and psychological responses. 

Perhaps even more distressing is the need to extra- 
polate this ex i st i ng s i mu I ator data to field conditions when 
such poor agreement is seen to exist in the simulator data. 

That criteria are needed is not disputed, in fact, many 
individuals and groups have proposed such criteria based 
on past experience. Hence, we will synopsize these criteria 
and propose our own to be applied to first generation STOL 
type aircraft. The motion considered will be divided into 
vertical, lateral, and longitudinal motion and we will not 
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consider angular motions (this is due to the lack of data on 
subjective response to angular motion). 

Vertical 

There is more data on subjects exposed to vertical 
motion than any other direction. Nearly all of the experi- 
ments have used single component sinusoidal inputs. Figure 
2 illustrates many of the criteria published to date as well 
as the one here proposed. As can be seen, there is over an 
order of magnitude variation in the low frequency range with 
somewhat better agreement above six cycles/sec (omitting 
Park's data). Some of the differences lie in the semantic 
scales used, others in the choice of experiments on which 
they are based. From a study of these as well as other data 
the hatched curve is proposed as a conservative criterion, 
the ext rapo I at i on below about I cps is dangerous at best, 
however, from physiological cons I derat i ons^ '* It is felt 
a horizontal extrapolation is best. 


T ransverse 

For transverse vibration a similar synopsis to that 
above is shown in Figure 3, where the proposed criterion for 
STOL aircraft is once again given by the hatched line. 
Although the proposed limit is significantly lower than the 
limit for the vertical direction there is considerable dis- 
agreement on this point 130 ’ 131 ' 142 ' 168 in the literature, 
however, this seems the most reasonable at present. In the 
case of transverse motion, there is also a need for a 
criterion on the limit of steady state acceleration - as 
would be experienced in maneuvers. It would seem appropriate 
to apply the knowledge obtained in cars and trains during 
rides on curved roadways and tracks respectively.** 6 '* 93 ' 2 ^ 4 
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Figure 2. VERTICAL VIBRATION CRITERIA 
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The data of Urabe, Koyarna and Iwane is typical and is given 
in the table below as a proposed criterion for lateral 
acce I erat i ons and their rates of change ("jerk"). 

TABLE I 


ua 1 i ty Rating 

Pe rcen t 
Passengers, 

LATERAL ACCELERATIONS 

. Ch a racte r i st i 
Acceleration ( g ) 

cs of Lateral 
Jerk (g/sec) 

Acce 1 e rat i on 
Duration (sec) 

Comf ortab 1 e 

90 ■ 

< 0.22 

.07 

No Limit 


95 

< 0.12 

.05- .06 

No Limit 

Acceptabi lity 

90 

< 0.12 

0.05 

No Limit 


95 

< 0.07-0.08 

0.03-0.04 

10-20 (for 
maxi mum 
va 1 ues ) 


Long i tud i na I 

Very little data is available on subjective response to 
motion in the longitudinal direction. What data is available 
tends to support the use of the same criterion for longitudi- 
nal as for lateral motion. This approach is adopted here 
until such time as more data is obtained to better isolate 
the di fferences which may exist. 

As for steady-state acceleration (or deceleration) the 

values indicated below are representative of the state-of- 

.. .164,185,280 ... . . . .. , , , 

the-art. It is important to realize that the type 

of seat restraint, environment, duration, and other factors 

can play a significant role in a I ter i ng these values. 


Allowable Values of Longitudinal Accelerations 

Acceleration or deceleration - 0.13 "g" 
Jerk - 0.3 "g'Vsec 



There are three other items worthy of discussion - 
effects of duration of exposure, effects of combined motions, 
and, effects of environmental variables. 


Exposure Duration 

Surprisingly little has been done in this vital area. 

The ISO standards have made an attempt to include the effects 
of time as is seen in Figure 4, but recent studies have 
indicated these may be too opt i m i s t i c . * ^ ^ ^ No defini- 
tive statement can be made at this time suffice it to say 
that the proposed criteria for vibrations in the vertical, 
lateral and longitudinal directions were arrived at with an 
exposure time of thirty - sixty minutes in mind. 


Comb i ned Motions 

The literature is almost devoid of any experimental 

'data on subjective response to multi-axis stimulation. 

Several authors have postulated methods to be used for 

98 

combined inputs ranging from vector summation to weighted 

39 82 2 39 

sums of various types ' to power spectra methods. At 

this time there is no evidence to favor one method over the 

other and all that can reasonably be said is that combined 

motions wi I I tend to be worse than each of the components 

taken alone. 

Effects of Other Environmental Variables 

The study of the response of humans to motion can be 
misleading if an account of all the environmental factors 
during testing is not undertaken. Just as motion in 
combined directions changes the subjective response of a 
subject, so does other environmental inputs (such as 
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temperature, noise, pressure, etc.). Combining the effects 
of environmental inputs to determine an overall index of 
"comfort" has been virtually ignored. Here we point out 
that many of the discrepancies in simulator data, as wel I 
as field data, may wel I be attributable to lack of under- 
standing of these influences. Future studies should 
attempt to identify these other environmental factors so that 
their effects on the response to motion can be determined. 


20 



E. Bibliography/References (Vibration) 

The bibliography presented here provides the complete 
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Part I. As stated previously, this is by no means a 
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total document fi le assessed to date (more than 500 
documents ) . 


1. Abeling, A. B. and Bassett, H. L. "A Study of Propel lar 

Aircraft Vibration," Contract N62269 — 3 1 12, Project A-866, 
Technical Report Number 3, Georgia Institute of 
Technology, Atlanta, Georgia, August 1967. 

2. Adrian. E. D. "Discharges for Vestibular Receptors in the 

Cat* ' Journal of Physiology 101 , 389-407 (1943). 

3.. Aerospace Medical Research Laboratories. "Reactions to 
Mechanical Vibrations: Man," Report AMRL-TR-66-506 , 

WPAFB, Ohio, 1966. 

4. AGARD, North Atlantic Treaty Organization, "A Table of 

Equivalents of Acceleration Terminologies," NATO, 1962, 

Spec i f i cat ion No . 3 . 

5. AGARD, North Atlantic Treaty Organization, "Principles of 

Biodynamics, Prolonged Acceleration: Linear and Radial," 
AGARD, 64 Rue de Varenne, Paris 7E, France (1965). 

6. Alford, B. R., Jerger, J. F. and Coats, A. C., Billingham, J. 

French, B. 0., McBrayer, R. 0. .'"Human Tolerance to Low 
Frequency Sound," Presented at the Seventieth Annual 
Session of the American Academy of Opthamology and 
Otolaryngology, November 14-19, 1965, Chicago. Project 

supported by NASA contract NAS 9-2468 

7. Allen, G. "Human Reaction to Vibration," paper for Annual 

Meeting of Institute of Environmental Sciences, Los 
Angeles, 1971 (preprint). 

8. Apanasenko, Z. I. "Effect of Total Vertical Vibration 

on Functional State of the Vestib — Etc(u)," 

AD 678-782, February 1968. 

9. Arka dy ev sk i v , A. A. "Combined Effect of Vibration and 

Noise on the Human Ogranism," FTD-TT-62-922/ I +2, 

WPAFB, Ohio, Foreign Tech. Div., Air Force Systems 
Command, AD4I5-672, 1962. 


21 



10. Ashe, W. F. "Physiological and Pathological Effects of 

Mechanical Vibration on Animals and Man," Report 862-5, 

NIH Grant OH-OOOO 6 -O 6 , Ohio State University Research 
Foundation, Columbus, Ohio, January 1964. 

11. Ashe, W. F. "Physiological and Pathological Effects of 

Mechanical Vibration," Report 862-4, NIH Grant OH-6, 

Ohio State University Research Foundation, 

Columbus, Ohio, September 1961. 

12. Atkin, R. and Bender, M. C. "Ocular Stabilization During 

Osci I latory Head Movements," Archives of Neurology 19, 
559-66, 1968. 

13. Ayoub, M. M. "Performance and Recovery Under Prolonged 

Vibration," unpublished manuscript. School of Engineering, 
Texas Technological College, Lubbock, Texas, c.l969. 

14. Batchelor, G. H. "Determination of Vehicle Riding 

Properties," The Ra i I way Gazette (4 parts), 

Ju ly 20 - August 10, 1962. 

15. Beaupeurt, J. E. "Human Vibration Problems Associated 

with: Low A 1 1 i tude F I i ght , " paper presented at the 
Annual Meeting of the Armed Forces-Nat i ona I Research 
Council Comm i ttee',:on Hearing and B i o- Acoust i cs , 

Washington, 'D. C .' , No.vember I960. 

1 6V Beaupeurt, J. E. "A Study of the Effects; of V i brat ion; oh: 

Human Performance," Naval Research Reviews, August 1962. 

17. Beaupeurt, J. E., et al. "Ten Years of Human Vibration 

Research," The Boeing Company, Wichita, Kansas, D3-7888, 
August I 969 . 

18. Benson, A. J. and Bodin, M. A. "Interaction of Linear and 

Angular Accelerations on Vestibular Receptors in Man," 
Aerospace Medicine 37 . 1966, 144-54. 

19. Biotechnology, Inc. "Human Factors Aspects of Air Traffic 

Control: Phase I Report," Falls Church, Virginia, 

NASA Langley Research Center, Hampton, Virginia, 

January 1970. 

20. Blivaiss, B. B., Magid, E. B. and L I tta-Mod i gnan i . R. 

"Effects of Wtiole^Body Vibrations on Plasma and Urinary 
Cort i coi steroi d Levels in Man," AMRL-TDR-64-53 , 

Wr i ght-Patterson Air Force Base, Ohio, June 1964. 


22 



21. Blivaiss, B. B., et al. "Endocrine and Metabolic 

Response of Dogs to Whole-Body Vibration," Ae rospace 
Med i cine , 36, |2, 1965, 1138-44. (Also, AMRL-TDR-64-54 , 

WPAFB, June 1964.) 

22. Bolt, Beranek, and Newman, Inc., "Some Factors Influencing 

Human Response to Aircraft Noise; Masking of Speech 
and Variability of Subjective Judgements," Cambridge, 

Ma., June 1965, 72pp., FAA-ADS-42. IR-15387. AD-617-935.. 

23. Bonmarito, C. L., Ramsey, N. K. "Effects of Random 

Vibration and Combined Environmental Stress on 
Humans," Proceedings, Institute of Environmental 
Sc i ences , Los Angeles, 1963. 

24. Boorstin, J. B. and Goldman, D. E. "X-Ray Cinematographic 

Observations of the Motion of Animals Exposed to 
Mechanical Vibration," presented at 35th Meeting of 
the Aerospace Medical Association, Miami Beach, Florida, 
May 1964. 

25. Borshchevskiy, I. Ya., Koreshkov, A. A., Markaryan, S. S., 

Preobrazhenskiy, V. V., and Terrent'yev, V. G. "The 
Effect of Vibrations of Certain Types of Modern 
Helicopters and Airplanes," Voyenno Meditsinskiy Zhurnal , 

I , 1958. 

26. Brady, J. E. and Newsom, B. D. "Auditory Shift During 

Prolonged Rotary Vest i bu I a r St I mu I at i on , " Life Sciences 
Laboratory, Convair Division of General Dynamics, 

San Diego, California. Aerospace Medicine, 37, 267, 
Abstract, 1966. 

27. Brown, W. K., Rogge, J. D., Meyer, J. F., Buckley, C. J. 

and Boown, C. A. "Aeromedical Aspects of the First Non- 
Stop Transatlantic Helicopter Flight:ll. Heart Rate and 
ECG Changes," Aerospace Medicine 40, 1969, 714-17. 

28. Brumaghim, S. H. "Subjective Reaction to Dual Frequency 

Vibration," Boeing Company, Wichita, Kansas, 

NONR 2994(00), Tech. Report D3-7562, (N68-I8294) 

December 1967. 

29. Brumaghim, S. H. "Subjective Response to Commercial A 

Aircraft Ride: Passenger Ride Quality Testing," The 
Boeing Company, Wichita, Kansas. Presented at the 
Int'l Symp. on Man. Machine Systems, 

September 8-12, 1969. 


23 



30 . 


Bryce, W. D. "A Review and Assessment of Criteria for 
Human Comfort Derived from Subjective Responses to 
Vibration," National Gas Turbine Establishment, 

•Report No. R286, November 1966. 

31. Bryce, W. D. "A Human Criterion for the Acceptance of 

Transverse Seat Vibration," Journal of Sound and 
Vibration , 3, 1966, 384. 

32. Buchman, E. "Criteria for Human Reaction to Environmental 

Vibration on Naval Ships," Dept, of the Navy, 

David Taylor Model Basin, Report 1635, AD404-834, 

June 1962. 

33. Buckhout, R. "Effect of Whole Body Vibration on Human 

Performance," Human Factors , 6(2), 1964, 157-63. 

34. Buckley, C. J. and Hartman, B. 0. "Aeromedical Aspects 

of the First Nonstop Transatlantic Helicopter Flight: 

I. General Mission Overview and Subjective Fatigue 
Analyses." Aerospace Medicine 40, 1969, 710-13. 

35. Budridge, G. J. "The Dynamic Response to Whole-Body 

Sinusoidal Vibration of a Vertebrate Heart," Thesis, 

U . S. Air Force Institute of Technology, WPAFB, 

Ohio, 1963. 

36. Caiger, B. "Some Effects of Vertical Vibration on a 

Pi lot's Head Motion and His Instrument Reading 
Capability," Aeronautical Report LR-463, National 
Research Counci I df Canada, Ottawa, Canada, August 1966. 

37. Carraterrs, J. P. and Kresge, D. "Literature Survey of 
- Passenger Comfort Limitations of High-Speed Ground 

Transport," United Aircraft Corp., Hartford, Conn., 

( D-9 10353- I ) August I 965 . 

38. Carstens, J. P., et al. "Literature Survey of Passenger 

Comfort Limitations of High-Speed Ground Transports," 
United Aircraft Corp., East Hartford, Conn., (PBI68 171) 
Dept, of Commerce, P. 0. P-7995, 1965. 

39. Catherines, J. J. "Measured Vibration Ride Environments 

of a STOL Aircraft and a High Speed Train," NASA Langley 
Research Center, 40th Annual Shock and Vibration 
Symposium, Hamp ton , V i rg i n i a , October 1969. 


24 



40. Catherines, J. J. and Clevenson, S. A. "Measurement and 

Analysis of Vibration of Ride Environments," Joint 
Symposium on Environmental Effects on VTOL Designs, 
Arlington, Texas, November 1970. 

41. Catterson, A. D. "Human Psychomotor Performance During 

Prolonged Vertical Vibration," Aerospace Medicine 33, 
1962, 598-602. 

42. Chaffee, J. W. "Change in Human Center of Gravity 

Produced by Change in Direction of Acceleration," 

ARS Journal , November 1962, p. 1677. 

43. Chaney, R. E. "Visual Motor Performance During Whole 

Body Vibrations," Report D3-35I2-5, AD456-27I, Boeing 
Company, Wichita, Kansas, November 1964. 

44. Chaney, R. E. "Subjective Reaction to Whole-Body 

Vibration," Report D3-6474, Boeing Company, Wichita, 
Kansas, September 1964. 

45. Chaney, R. E. "Whole-Body Vibration of Standing Subjects," 

Report D3-6779, Military Airplane Division, Boeing 
Company, Wichita, Kansas, August 1965. 

46. Chaney, R. E. and Parks, D. L. "Tracking Performance 

During Whole-Body Vibration," Report 03-3512-6, Boeing 
Company, Wichita, Kansas, November 1964. 

47. Christ, W. and Dupuis, H. "The Influence of Vertical 

Oscillation on the Vertebral Column and Stomach (X-Ray 
Cinematographic Studies)," Zentra I b I att f uer 
Arbe i tsmed i z i n und Arbe i tsschutz 15, TJ 1963 . 

48. Clark, B. and Stewart, J. D. "Comparisons of Three 

Methods to Determine Thresholds for Perception of 
Angular Acceleration," Journal of American Psychology , 
June 1968, p . 207 . 

49. Clark, B. and Stewart, J. D. "Effects of Angular 

Acceleration on Man: Thresholds for the Perception of 
Rotation and the Oculogyral I I luslon," Ae rospace 
Med i c i ne , 40, No. 9, 1969. 

50. Clark, B. and Stewart, J. D. "Perception of Angular 

Acceleration About the Yaw Axis of a Flight Simulator," 
Aerospace Medicine , 33, December 1962. 

51. Clark, B. and Stewart, J. D. "Thresholds for the 

Perception of Angular Acceleration About the Three 
Major Body Axes," ACTA 0T0LARYNG , 1969, p. 231. 


25 



52. Clark, J. G., William, J. D., Murray, R. H., Bowers, J. A. 

and Hood, W. B. "Initial Blood Pressure Response to 
Low Frequency Sinusoidal Vibration," Mu 1 1 i -Env i ronment 
Division, Aerospace Medical Research Laboratories, WPAFB, 
Ohio, Indiana University Cardiopulmonary Laboratory, 
Indianapolis, Ind., Peter Brent Brigham Hospital, 

Boston, Ma . , Aerospace Medicine, 37, Abstract, 1966, 
p. 270. 

53. Clark, W. S., Lange, K. 0. and Coermann, R. R. 

"Deformation of the Human Body Due to Un i -Di rect iona I 
Forced Sinusoidal Vibration," Human Factors, 4, 5. j 9 6 2 . 
255-74. 

54. Clarke, N. P., et al. "Preliminary Study of Dial Reading 

Performance During Sustained Accelerations and 
Vibration," Final Report, Aerospace Medical Research 
Laborator i es , WPAFB, Ohio, March-August I 963, 

AMRL-TR-65- I I 0, AD 622-298, August 1954. 

55. Clarke, N. P., et al. "Evaluation of Peak vs. RMS 

Acceleration in Periodic Low Frequency Vibration 
Exposures," Aerospace Medicine , 36, ||, November 1965, 

1083-89. 

56. Clarke, N. P., Gokelman, J. J., Mohr, G. C. and 

Heuzel, J. H. "Specific Effects of Sinususoidal 
Vibration on Renal Function," Biodynamics and 
Bionics Division, Aerospace Medical Research 
Laboratories, WPAFB, Ohio, Aerospace Medicine , 37, 
Abstract, I 966, p . 270 . 

57. Clevenson, S. A., et al. "Low-Frequency Portable 

Vibration Measuring and Recording System," 40th Shock 
and Vibration Symposium, Hampton, Virginia, October 
. October 21, 1969. 

58. Coermann, R. R., Ziegenruecker, G.,'Wittwer, A. L. and 

Von Gierke, H. E. "The Passive Dynamic Mechanical 
Properties of the Human Thorax-Abdomen System and of the 
Whole-Body System," Aerospace Medicine , 31, I960, 443. 

59. Coermann, R. R. "The Mechanical Impedance of the Human 

Body in Sitting and Standing Position at Low 
Frequencies," Human Factors , 4, 5 , 1962, 227-53. 

60. Coermann, R. R. Magid, E. B. and Lange, K. 0. "Human 

Performance Under Vibrational Stress," Human Factors, 

4, 5, 1962, 315-24. 


26 



61. Cohen, G. H. and Brown, W. K. "Changes in EKG Contour 

During Prolonged +Gz Acceleration," Aerospace Medicine, 
40, 196.9, 874-79., 

62. Collins, W. E. "Task Control of Arousal and 

Un i -D i rect i ona I Angular Acceleration," ACTA 0T0LARYNG, 
Suppl. 190, 1964. 

63. Cope, F. W. and Polis, B. D. "Increased Plasma Glutamic- 

Oxalacetic Transaminase Activity in Monkeys Due to 
Nonspecific Stress Effect," Journal of Av i at i on 
Medicine , 30, 1959, 90-96. 

64. Cramer, R. L. and Dowd, P. J. "Some New Neurophysiological 

Studies on Motion Sickness and Its Therapy," Aerospace 
Medici ne , 33, 1962, 814-16. 

65. Damon, A., et al. "The Human Body in Equipment Design," 

Harvard University Press, Cambridge, Ma . , 1966. 

66. Davies, D. R. , Hockey, G. R. J. and Taylor, A. "Varied 

Auditory Stimulation, Temperament Differences and 
Vigilance Performance," The British Journal of 
Psycho I oqy , 60, 4, I 9.69 , 453-57. 

67. Dean, R. D. "The Use of Environmental Stress in 

Conjunction with Simulation Testing," IEEE Trans . on 
Aerospace and Electronic Systems , AES-3, 1967, 688-96. 

68. Dean, R. D. Farrell, R. J. and Hitt, J. D. "Effect of 

Vibration on the Operation of Decimal Input Devices," 
paper presented at Human Factors Society Annual 
Meeting, Boston, Ma., September 1967. 

69. Dean, R. D. McGlothlen, C. L. and Monroe, J. L. 

"Performance and Phsy i o I og i ca I Effects of Six-Hour 
Exposure to Helicopter Noise and Vibration," Boeing 
Company, Seattle, Washington, May 1964. 

70. Defense Research Medical Labs. "Noise Survey, CSR-II0 

Aircraft." (DRML Tech. Memo. No. 244-46) IR-769. 
AD-297-898. Toronto, Canada, October 1962, l| pp. 

71. DeGreene, K. B. "Systems Psychology," McGraw-Hill Series in 

Management , McGraw-Hill Book Co., New York, 19 7 (j , TT^ 407 . 

72. Demos, G. T., et al. "Anticipatory Stress and Flight Stress 

in F- 1 02 Pilots," Aerospace Medicine , 40, 1969, 385-88. 

73. Dennis, J. P. "Some Effects of Vibration Upon Visual 

Performance," Journal of Applied Psychology , 49, 4, 

August 1965, 245-52. 


27 



74. Dennis, J. P. "The Effect of Whole-Body Vibration on a 

Visual Performance Task," Ergonomics, 8, 2, 

April 1965, 193-205. 

75. Dieckmann, D. "A Study of the Influence of Vibration 

on Man," Ergonomi cs , I, 4, 1958, 347-55. 

76. Dieckman, V. D. " E i nw i r kungen Mechanischer Schwingungen 

auf den Menschen," Handbuck der gesarnter a rte i I smed i z ? n , 
Urban and S hw i ng zenge rg , Berlin, 1961, 701. 

77. Dines, J. H., et al. "Intravascular Pressure Measurements 

During Vibration," American Academy of Occupational 
Medicine, 17th Annual Meeting, Columbus, Ohio, 

February 17-19, 1965, Archives of Environmental Health, 

I I , September 1 965, 323-26. 

78. Dolkas, E. B. and Stewart, J. D. "Effects of Combined 

Linear and Oscillatory Acceleration of Pilot Attitude- 
Control Capabilities," NASA Tn D - 2 7 I 0 , NASA Ames 
Research Center, Moffett Field, Ca . , March 1965, 39 pp. 

79. Doty, R. L. "Effect of Duration of Stimulus Presentation 

on the Angular Acceleration Threshold," Journal of 
Experimental Psychology , 80, 2, 1969, 317. 

80. Dubois, A. B., et al. "Oscillation Mechanics of Lungs 

and Chest in Man," Journal of Applied Pysioloqy , 8, 

1956, 587. 

81. Dudek, R. A. and Clemens, D. E. "Effect of Vibration on 

Certain Psychomotor Responses," Journal of 
Engineering Psychology , 4, No. 4, 1965, 127-43. 

82. Duffner, L. R., et al. "Effect of Whole-Body Vibration 

on Human Subjects," Journal of Applied Physiology, 

17, 1962, 913. 

83. Edwards, R. G. and Lange, K. 0. "A Mechanical Impedance 

Investigation of Human Response to Vibration," Wennei — 
Gren Aeronautical Research Laboratories, AMRL-TR-64-9 I , 
WPAFB, AD 609006, October 1964. 

84. Eklund, G., "Influence of Muscle Vibration on Balance in 

Man," Reprint from the Department of Clinical 
Neurophysiology, University Hospital, Uppsala, Sweden, 
Acta Soc. Med. Uppsala , 74, 1969, 113-17. 

85.. Evces, C. R. and McElhaney, J. H. "Some Effects of Drugs 
on the Low Frequency Whole Body Vibration Response of 
Dogs," Aerospace Medicine, April 1971, 416. 


28 



86. Ferns+rom, R. W., Jr., et al. "Cross-Country Speed and 

Driver Vibrational Environment of the M60 Main Battle 
Tank," Technical Memo 7-65, Human Engineering 
Laboratories, Aberdeen Proving Ground, Maryland, 

July 1965. 

87. Fluur, E. and Adolfson, J. "Hearing in Hyperbaric Air," 

Aerospace Medicine , August 1966, 783-85. 

88. Fraser, T. M., Hoover, G. N. and Ashe, W. F. "Tracking 

Performance During Low Frequency Vibration," Aerospace 
Medicine , 32, 1962, 829-35. 

89. Gartley, C. W. and Beldam, E. M. "Feasibility of 

Establishing Acceptable Vibration Exposure Criteria," 
67-RD-2, Canadian Forces Medical Service, Institute 
of Aviation Medicine, Toronto, Canada, March 1967. 

90. Gasaway, D. C. "Cockpit Noise Exposures Associated with 

the Operation of Fi xed-and--etc( u ) , " School of 
Aerospace Medicine, Brooks AFB, Texas, AD 705-964. 

91. Gaeuman, J. V., et al. "Oxygen Consumption During Human 

Vibration Exposure," Aerospace Medicine, 33, 1962, 

469-74. 

92. Gebhard, J. W. "Acceleration and Comfort in Public 

Ground Transportat i on , " Johns Hopkins University 
Applied Physics Laboratory, Report to Department of 
Transportation, PBI90 402, February 1970. 

93. Geddes, L. H., Hoff, H. E., Hickman, D. M. and Moore, A. G. 

"The Impedance Pneumograph," Aerospace Medicine, 33, 

1962, 28-33. 

94. Geddes, L. H., Hoff, H. E., Hickman, D. M., Hinds, M. 

and Baker, L. "Recording Respiration and ECG with 
Common Electrodes," Aerospace Medicine , 33, 1962, 

791-93. 

95. Ge I I , C. F. "Blodynamic Aspects of Low Altitude, High 

Speed Flight," L i ng-Temco-Vough+ Aerospace Corp., 

Dallas, Texas, Aerospace Medicine, 37, Abstract, 1966, 
279. 

96. Gilles, J. A. A Textbook of Aviation Physiology . 

Pergamon Press (1965), pp . 813. 


29 



97. Goldman, D. E. "A Review of Subjective Responses to 

Vibratory Motion of the Human Bod.y in the Frequency 
Range I to 70 Cycles Per Second," Report No. I, 

Naval Medical Research Institute, National Naval 
Medical Center, Bethesda, Maryland, March 16, 1948. 

98. Goldman, D. E. and Von Gierke, H. "The Effects of Shock 

and Vibration on Man," Lee, and Rev. Series No. 60-3 , 
Naval Medical Research Institute, Bethesda, Maryland, 
January 8, I960. 

99. Gordon, C. G. "A Study of Exhaust Noise as It Relates 

to the Turbofan Engine," Progress of NASA Research 
Relating to Noise Alleviation of Large Subsonic Jet 
A i rc r a f t , NASA SP-189, Conference held at Langley 
Research Center, Hampton, Virginia, October 8-10, 1968, 

319-34. 

100. Gorrill, R. B. and Snyder, F. 0. "Preliminary Study of 

Aircrew Tolerance to Low-Frequency Vertical Vibration," 
Document No. D 3 — I 189, Issue No. 36, Boeing Airplane 
Company, AD 155 642, July 1957. 

101. Graybiel, A. "Prevention of Overt Motion Sickness by 

Incrementai Exposure to Otherwise Highly Stressful 
Coriolus and Accelerations," Naval Aerospace Medical 
Instiute, Pensacola, Florida, AD673 215, 1968. 

102. Gra'ybiel, A. and Miller, E. F. "Off-Vertical Rotation: 

A Convenient Precise Means of Exposing the Passive 
Human Subject to a Rotating Linear Acceleration Vector," 
Aerospace Medicine , 41, No. 4, April 1970. 

103. Green, D. M. and Swets, J. A. Signal Detection Theory 

and Psy chop hys i cs . John Wiley and Sons, Inc., 

New York, 1966. 

104. Greening, C. R. "Coriolis Effects on Operator Movements 

in Rotating Vehicles," Aerospace Medicine , 33, 1962, 

p. 579. 

105. Guedry, G. E. and Lauver, L. S. "Vestibular Reactions 

During Prolonged Constant. Angular Acceleration," 

Journal of Applied Physiology , 16, 1961. 

106. .Guignard., J. C. "Physiological Effects of Mechanical 

Vibration," Proceedings of the Royal Society of 
Medicine, 53, I960, 92-96. 


30 



107. 

108. 

109. 

110 . 

111. 

112 . 

I 13. 

114. 

115. 

I 16. 
I 17. 


Guignard, J. C. "Vibration," in Gillies (ed). A 
Textbook of Aviation Physiology, Perqamon Press. 

1965, 807-894. 

Guignard, J. C. "Human Response to Intense Low- 
Frequency Noise and Vibration," Proceedings 
Institute of Mechanical Engineers, 182, Part I, No. 3. 
1967-1968. 

Guignard, J. C. "Noise," in Gillies, A Textbook of 
Aviation Physiology , Pergamon Press, 1965, 895-967. 

Guignard, J. C. "Defining Limits of Human Exposure 
to Vibration," paper presented to a Technical 
Meeting on Environmental and Human Factors in 
Engineering held in Southampton, England, by the 
University of Southampton and the Society of 
Environmental Engineers, April 10-14, 1967. 

Guignard, J. C. "Human Sensitivity to Vibration," 

Journal of Sound Vibration , 15, |, 1971, 11-16. 

Guignard, J. C. and Coles, R. R. "Effects of 

Infrasonic Vibration on the Hearing," F i f th Cong ress 
International D'Acoustique, Liege, France, 

September I 965 . 

Guignard, J. C. a,nd Irving, A. "Effects of Low Frequency 
Vibration on Man," Engineering, Cardiff, England, 

190, I960, 364-367. 

Guignard, J. C. and Irving A. "Measurements of Eye 
Movements During Low Frequency Vibration," Aerospace 
Medicine , 33, October 1962, 1 230 — 38. 

Hale, H. B., Williams, E. W. and Buckley, C. J. 
"Aeromedical Aspects of the First Nonstop Trans- 
atlantic Helicopter Flight, III, Endocrine-Metabolic 
Effects," Aerospace Medicine , 40, 1969, 718-723. 

Hanes, R. M. "Human Sensitivity to Whole-Body Vibration 
in Dr£an Transportation Systems: A Literature Review," 
Johns Hopkins University Applied Physics Laboratories, 
Silver Spring, Maryland, May 1970. 

Harris, C. M. and Crede, C. E. "Shock and Vibration Data 
Handbook," (See Human Tolerance) Eng i neer i ng Des i qn 
and Environmental Conditions, 3, Mc-Graw-Hill Book Co., 
1961 , p. 44. 


| 


31 



118. Harris, C. S., et a I . "Human Performance as a Function 

of Intensity of Vibration at 5 cps," N65-I3996, 
AD607-760, 1964. Also, AMRL-TR-64-83 , WPAFB, 

September I 964 . 

119. Harris, C. S. and Shoenberger, R. W. "Human Performance 

During Vibration," Report from "Autonetics and Office 
of Naval Research Joint Symposium on Visual and 
Display Problems of High-Speed Low Altitude Flight," 
AD 624 196, Anaheim, California, March 3-5, 1964. 

Also, AMRL-TR-65-204 , Research Laboratories, WPAFB, 
Aerospace Medicine , November 1965. 

120. Harris, C. S. and Shoenberger, R. W. "Combined 

Effects of Noise and Vibration on Psychomotor 
Performance," Aerospace Medicine Research 
Laboratories, WPAFB, Ohio, 1966. AMRL-TR- 70 - I 4 , 

BME 005 I , 1970. 

121. Harris, C. S. and Shoenberger, R. W. "Effects of 

Frequency of Vibration on Human Performance," 

Journal of Engineering Psychology , 5, I, 1966, 1-15. 

122. Harrison, J. Y. "The Effect of Vibration on the Ability 

to Generate Human Muscle Power," unpublished manu- 
script submitted to Human Factors , 1969. 

123. Headley, R. M., et al. "Human Factors Responses During 

Ground Impact," Aerospace Medicine , 33, 1962, 141. 

124. Hitchcok, L., Jr. and Morway, C. A. "A Dynamic 

Simulation Study of the Swept Wing Transport Aircraft 
in Severe Turbulence," Joint Report, NADC-MR-6807 , 
Naval Air Development Center and FAA-DS -68- 1 2 , Federal 
Aviation Agency, October 1968. 


125. Hixon, W. C., et al. "Kinematics Nomenclature for 

Physiological Accelerations," Naval Aerospace 
Medical Institute and NASA, Accession No. N67 18005, 
August I 966. 

126. Holden, G, R., et al. ’’Phys i o I og i ca I Instrumentation 

Systems for Monitoring Pilot Response to Stress at 
Zero and High G, " Aerospace Medicine , 33, 1962, 

420-27. 

127. Holladay, A. and Bowem I. G. "A Mathematical Model of 

the Lung for Studies of Mechanical Stress," Proceed i ngs 
of the San Diego Symposium for Bio-Medical Engineering, 


32 



I 28. 

I 29. 

I 30. 

131 . 

I 32 . 

I 33. 
I 34. 

I 35 . 

I 36 . 
I 37. 

I 38. 


Holland, C. L. "Performance and Physiological 

Effects of Long Term Vibration," AMRL-TR-66- 1 45 , 

Wr ight-Patterson Air Force Base, Ohio, 

October.. 

Holland, C. L. "Performance Effects of Long Term 

Random Vertical Vibration," Human Factors, 9, 1967, 

93-104. Also, AMRL-TR-66- I 45, 1966. 

Hood, W. B., Jr. and Higgins, L. S. "Circulatory and 
Respiratory Effects of Whole-Body Vibration in 
Anesthetized Dogs," Journal of Applied Physiology, 

20, 6, 1965, 1157-1157: iLL 

Hoover, G. N. and Ashe, W. F. "Respiratory Response to 
Whole Body Vertical Vibration," Aerospace Medicine, 

33, August 1962, 980-84. 

Hornick, R. J. "Vibration Effects on Man - an Overview 
of Recent Research," Litton Systems TD0C-690, paper 
presented to Human Factors Society 13th Annual 
Meeting, Philadelphia, Pennsylvania, October 1969. 

Hornick, R. J. "Vibration Isolation in the Human Leg," 
Human Factors , 4, 5, 1962, 301-03. 

Hornick, R. J. "The Effects of Whole-Body Vibration in 
Three Directions Upon Human Performance," Journal of 
Engineering Psychology , I, 1962, 93-101. 

Hornick, R. J. Boettcher, C. A. and Simons, A. K. "The 
Effect of Low Frequency, High Amplitude, Whole Body, 
Longitudinal and Transverse Vibration Upon Human 
Performance," Final Report 

Contract DA- I I -022- 509-ORD-3300 , Bostrom Research 
Laborator i es , Milwaukee, Wisconsin, July 1961. 

Hornick, R. J. and Lefritz, n. m. "A Study and Review 
of Human Response to Prolonged Random Vibration," 

Human Factors , 8, No. 6, 1966, 481-92. 

Hulk, J. and Longkess, L. B. "The Turning Test with 
Small Regulable Stimuli: I: Cup u I omet r i a , II: The 

Normal Cupulogram," Journal of Laryngology and 
Oto I ogy , 62, 1948, 54-75. 

International Standards Organization Technical Committee 
108, Working Group 7, "Guide for the Evaluation of 
Human Exposure to Whole Body VIbraiton: Mechanical 
Vibration and Shock," March 1970. 


33 



ORIGINAL PAGE IS 
OF POOR QUALITY 


139. losellana, K. • K. "Effect of Vibration and Noise and 

Ability to Do Mental Work Under Conditions of Time 
Shortage," Environmental Space Sciences, I, 2, 

March-Aprt I 1967, 144-46. 

140. Ioseliani, K. K. "The Effect of Vibration and Noise on 

the Mental Faculty of Man Under Time Stress," NASA 
TT-F-N-142, National Aeronatulcs and Space Admini- 
stration, Washington, D. C., July 1967. 

141. Iwane, M., et'al. "Alternation of Manual Performance 

During Sus+alned Accleration Exposure by Means of 
Handwriting Pressure Measurement In Man," (In 
Japanese), Aeromedlcal Laboratory of Japanese Air 
Self Defense Force, Reports, A I AA A69-I8030 , 9, 

June 1968. ————— * 

142. Jacklln, H. M and Lldell, G. J. "Ride Comfort Analysis," 1 

Research Bulletin No. 44 , Engineering Experiment 
Stat ion , Purdue Un i vers I ty , Lafayette, Indiana, 

May 1933. 

143. Jacklln, H. M. "Human Reactions to Vibration," 

SAE Journal (Transactions)!, 39, No. 4, October 1936, 

7ST ' "" 

144. Janeway, R. N. "Vehicle Vibration Limits to Fit the 

Passenger, " SAE Prepri h t 160 , presented at SAE 
National Passenger Car and! Production Meeting, 

Ma rch 1948, i . 

145. Janeway, R. N. "Passenger Vibration Limits," SAE 

Journal , August 1948, 48. i' 

146. Jepson, 0. "Middle Ear Muscle Reflexes in Man," 

Modern Developments In Audiology , 194-232. 

I 

147. Jerlson, H. J. "Effects of Nblse on Human Performance," 

Journal of App 1 i ed Psycho logy , 41, No. 2, 1959, 96-1-01. 

• , . i 

148* Johnston, Richard S., Apol lo' Project, Crew Systems Division 
Division, "Memorandum Report of XX Axis Manned 
Vibration Test . . . " Aprl I 1968. 

149. Johnston, W. L. and Ayoub, M». M. "Body Orientation 

■ Under Low Frequency, WholerBody Vibration," unpublished 
‘ manuscript, School of Engineering, Texas Technological 
College, Lubbock, Texas, c. 1969. 


34 



150 . 


15 1 . 

152. 

I 53. 

I 54. 

I 55 . 

I 56. 

I 57. 

I 58. 

I 59. 

160. 

16 1 . 


Kawamoto, I. "Results of Major Tests and Research 
Relative to the New Toaido Line," J apanese 
Ra i I way Engl neer F ng , 5, No. 4, December 1964. 

Khilov, K. L. "Functions of the Vestibular Analyzer in 
Space Flights," Archives of Otolaryngology, 90, 1969, 

244. 

King, A. I., Whitman, A. B. and Koenig, M. C. "Human 
Vibrations and Related Studies," Final Report, 

AD 834-447, July 15, 1967. 

King, P. G. "Auditory Perception in Aircrew," in Gillie, 
JA ed. A Textbook of Aviation Physiology , Oxford, 
Pergamon Press, Ltd., 1965, 968-88. 

Kirikae, I. Acta Oto-Larynqo I , Supplement 145, in 
Jerger, Modern Developments in Audiology , Academic 
Press, New York and London. 

Koffman, J. L. "Vibration and Noise," Automob i I e 
Engineer , February 1957, 73. 

Kryter, K. D. "An Example of 'Engineering Psychology': 
The Aircraft Noise Problem," Presidential Address 
presented to the Society of Engineering Psychologists 
at the meeting of the American Psychological 
Association, Washington, D. C., September 1967. 

Kryter, K. D. and Pearsons, K.. S. "Judged Noisiness of 
a Band of Random Noise Containing an Audible Pure 
Tone," Journal of Acoustical Society of America , 38, 
1965, 106-12. 

Lamb, L. E., Smith, W. L., Kelly, R. J., LeBlanc, A. D. 
and Johnson, P. C. "Cardiac Output and Coronary Blood 
Flow During Prog ress i ve .Recumbent Exercise," 

Aerospace Medicine 40, 1969, 1238-43. 

Lamb, T. W. and Tenney, S. M. "Nature of Vibration 
Hyperventilation," Journal of Applied Physiology , 

21, 2, 1966, 404-10. 

Lange, K. 0. and Coermann, R. R. "Visual Acuity Un'der 
Vibration," Human Factors, 4, 5, 1962, 291-300. 

| 

Langenbeck, B. "The Measurement of Hearing by Bone| 
Conduction," Ann. Oto-La ryngo I . 71, 509. In Jerger, 
Modern Developments in Audiology , Academic Press, 

New York and London, 1963. j 


35 



162. LaRue, M. A., Jr. "The Effects of Vibration on 

Accuracy of a Positioning Task," Journal of 
Environmental Sciences , 8, No. 4, August 1965, 33-35. 

163. Lee, R. A. and King, A. I. "Visual Vibration Response," 

Journal of Applied Physiology, 30, No. 2, 

February 1971, 281. 

164. Lee, R. A. and Pradko, F. "Analytical Analysis of 

Human Vibration," Mobility Systems Laboratories, 

S AE No. 68009 1, January 1968, 16 pp . 

165. LeFevre, W. "Ride and Vibration Data Manual," SAE J 6a 

Information Report, Society of Automotive Engineers, 

New York, December 1965, 28 pp . 

166. Leslie and Thompson, "Human Frequency Response as a 

Function of Visual Feedback Delay," Human Factors, 

10, I, 1968, 67-79. 

167. Levine, M. W. "Psychophysical Scaling of Whole Body 

Vibrations," MIT Department of Mechanical Engineering, 
Engineering Projects Laboratory DSR76I09-A, Contract 
C-85-65, January 1967. 

168. Liedtke, A. J. and Schmid, P. G. "Effect of Vibration 

on Total Vascular Resistance in the Forelimb of the 
Dog," Journal of Applied Physiology , 26, No. I, 

J anua ry I 969 , 95 . 

169. Life, J. S. and Pince, B. W. "Role of the Automatic 

Nervous System in the Control of Heart Rate in 
Acceleratively Stressed Monkeys," Aerospace Medicine, 
40, I, 1969, 44-48. 

170. Linder, Gerald S. "Mechanical Vibration Effects on Human 

Beings," Aerospace Medicine , 33, August 1962, 939-49. 

171. Lipper, S. ed. Human Vibration Research . Macmillan 

Company, New York, 1963. 

172. Lippert, S. "Vi brat i on Standards Proposed," SAE Journal , 

May 1947. 

173. Little, J. W. and Mabry, J. E. "Human Reaction to 

Aircraft Engine Noise," A69-I2766, The Boeing Company, 
Seattle, Washington, Sound and Vibration , November 1968 

174. Loach, J. C. and Maycock, M. G. "Recent Developments In 

Railway Curve Design," Proceedings Institute Civil 
Engineering, Part II , October 1952. 


36 



175. Loeb , M. "A Further Investigation of the Influence 
of Whole-Body Vibration and Noise on Tremor and 
Visual Acuity," Army Medical Research Laboratory, 
Fort Knox, Kentucky, Report #l'65, AD55 065, 

J anua ry 24 , 1955. 

•76. Loeb, M. "A Preliminary investigation of the Effects 
of Whole-Body Vibration and Noise," Army Medical 
Research Laboratory, Fort Knox, Kentucky, #145, 1955 

177. Lonzo, A. A. and Doll, R. E. "Ah Appraisal of 

Psychological Stress," Aerospace Medicine, 33, 1962, 

I I I I - I 6. 

178. Lushbaugh, C. C., Frome, E. L., Davis, H. T. and 

Bibler, D. S. "Power Spectrum of the Impedance 
Pneumograph: A Data Reduction System Producing an 
Analytical Parameter of Potential Clinical 
Usefulness," Aerospace Medicine , 40, 1969, 425-28. 

179. McClements, A. "Operational Aspects of Helicopter 

Vibration," .paper read at RAS Symposium, 

Great Britain, January 1951. 

180. McKenzie, J. M. and Fiorica, V. "Stress Responses of 

Pilots to Severe Weather Flying," Pharmacology- 
Biochemistry Laboratory and Phsyiology Laboratory, 
Civil Aeromedia Research Institute, Oklahoma City, 

Ok I ahoma . 

181. Magid, E. B., Coermann, R. R. and Z i egenruecker , G. H. 

"Human Tolerance to Whole-Body Sinusoidal Vibration: 
Short-Time, One-Minute and Three-Minute Studies," 
Journal of Aviation Medicine , 31, I960, 915-24. 

182. Mandel, M. J. "Effect of Sinusoidal Vertical Vibration 

on the Urinary Sediment in Man," AMRL-TDR-62-63, 

Wri gh t-Patterson Air Force Base, Ohio, June 1962. 

183. Mandel, M. J. and Lowry, R. D. "One-Minute Tolerance 

in Man to Vertical Sinusoidal Vibration in the 
Sitting Position," AMRL-TDR-62- I 2 I , W r i gh t-Patterson 
Air Force Base, Ohio, October 1962. 

184. Matsudaira, Tadashi "Dynamics of High Speed Rolling 

Stock," Railway Technical Research Institute, 
Japanese National Railways Special issue, 1961. 


185. Matsui, S. "Comfort Limits of Retardation and Its 
Changing Rate for Train Passengers," Japanese 
Ra i I way Eng i neer , 3, #1, March 25, 1962. 


37 



186. Meed er, E. A. "Random Vibration Analysis," Machine 

Design , September 10, 1964, 1 79 — 84 . 

187. Mege I , H., et al. "Effect on Rats of Exposure to Heat 

and Vibration," Journal of Applied Physiology, 17, 

1962, 759. ' ^ 

188. Meyer, J. F. "Blood Glucose During High-Performance 

Aircraft Flight," Aerospace Medicine, 40, 1969, 

310-15. 

189. Miller, E. F. and Graybiel, A. "Comparison of Auto- 

kinetic Movement Perceived by Normal Persons and 
Deaf Subjects with Bilateral Labyrinthine Defects," 
Aerospace Medicine , 33, 1962, 1077-1080. 

190. Miller, E. F., et al. "Motion Sickness Susceptibility 

Under Weightless and Hypergravity Conditions 
Generated by Parabolic Flight," Aerospace Medicine , 

40, No. 8, August 1969. 

191. Miller, E. F. ’and, Graybiel, A. "Motion, Sickness 

Produced by Head Movement as a Function of 
Rotational Velocity," Aerospace Medicine , 41,10, 
October 19 70. , . 

192. Miller, E. F. and Graybiel, A. "Effect of Grav i to i nert ? a I 
..'Force on Ocular Counterrolling," Journa I of Applied 

Physiol ogy , 31, No. 5, November 1971. 

193. Miyoshi, K. and Sakamoto, M. "Tolerance Criteria of 

Riding Comfort for Lateral Vibration (Report I)," 
Quarterly Report of the Railway Technical Research 
Institute, Japanese National Railways , 8, No. 2, 120, 

June 1967. 

194. Miwa, T. "Evaluation Methods for Vibration Effect, 

. Part I," Industrial Health , 5, 1967, 183. 

195. Mohr, G. C. and Cole, T. N. "Effects of Low-Frequency 

and Infrasonic Noise on Man," Aerospace Medicine , 

36, 1965, 817. 

196. Moore, E. W. "Effects of the Interaction of Fatigue 

-and Motion Sickness on Responses to Coriolis 
Stimulation," RSAF School of Aerospace Medicine, 

Brooks AFB, Texas; Aerospace Medicine , 37, Abstract, 
1966, 293. 


38 



197 . 


Morris, D. F. "The Effects of Whole-Body Vibration on 
Numeral Reading and Compensatory Tracking Under Low 
Intensity Red and White Lighting," The Boeing Company, 
Wichita, Kansas, Document D3-7008, April 1966. 

198. Mozel I, M. M. and White, D. C. "Behavioral Effects 

of -Whole-Body Vibration," Aviation Medicine , 

October 1958, 716-24. 

199. Muksian, R. "A Non-Linear Model of the Human Body in 

the Sitting Position Subjected to Sinusoidal 
Displacements of the Seat," Doctoral Dissertation, 
University of Rhode Island, 1970, 218 pp. 

200. Murawski, B. J. and Burns, S. K. "Daily Correlation of 

Adrenal Steroids and Alpha Frequency in the EEG: A 
Demonstration," Journal of Applied Physiology, 21(2), 
1966, 549-53. 

201. Muscio, B. "Is a Fatigue Test Possible?" The British 

Journal of Psychology , XII, 1921-22, 1936, 31. 

202. Neel, S. H. "Noise and Vibration Exposure of Combat 

Zone Evacuees," ACAM Report, USAF School of Aviation 
Medicine, February 1959. 

203. Neeley, K. K., Forshaw "Speaking and Listening Through 

the Head: I. The Intelligibility of Speech Recorded 

in Quiet at Different Positions of the Head and 
Throat," Journal of Auditory Research , 5, 1966, 151-57. 

204. Nickerson, J. L. and Coremann, R. R. "Internal Body 

Movements Resulting from Externally Applied Sinusoidal 
Forces," AMRL-TDR-62-8 I , WPAFB, Ohio, 1962. 

205. Niven, J. I., et al. " I I I I c { tat ion of Horizontal 

Nystagmus by Periodical Linear Acceleration," 

NAMI-953, Naval Aerospace Medical Institute, 

Pensaco la, 1965. 

206. Nickerson, J. L. and Paradijeff, A. "Body Tissue 

Changes in Dogs Resulting From Sinusoidal Oscillation 
Stress," AMRL-TDR-64-58, W r i gh t-Pa tterson Air Force 
Base, Ohio, August 1964. 

207. Nixon, C. W. "Influence of Selected Vibrations Upon 

Speech: I . Range of 10 cps to 50 cps," Journal of 
Auditory Research, 2, 1962, 247-66. 


39 



208 . 


209 . 

2 10. 
2 11 . 

2 12 . 
. 213 . 

2 14. 

2 15 . 
2 16 . 

2 17 . 
218 . 


Nixon, C. W. and Sommer, H. C. "Influence of Selected 
Vibrations Upon Speech (Range of 2 cps-20 cps and 
Random)," AMRL-TDR- 63- 49 , Wr i gh t-Patterson Air Force 
Base, Ohio, June 1963. 

Notess, C. B. and Gregory, P. C. "Requirements for the 
Flight Control of a Supersonic Transport," Society of 
Automotive Engineers, paper presented at National 
Aero-Nautical Meet i ng , Wash i ngton , D. C., April 1963. 

"Numerical Reading and Compensatory Tracking Under Low 
Intensity Red and White Lighting," The Boeing Company, 
Wichita, Kansas, Document 03-7008., April 1966. 

0'Briant, C. R. and Ohlbaum, M. K. "Visual Acuity 

Decrements Associated with Whole-Body ±Gz Vibration 
Stress," Aerospace Medicine, 41, No. I, January 1970, 
79. 

"Symposium, Human Vibration Research," Office of 
Naval Research and The Boeing Company, Wichita, 

Kansas, October 30-November I, 1962. 

Oshima, M. "The Effect of Vibration on the Visual 
Acuity," Proceedings of the IVth International 
Symposium on Space Technology and Science , Agne Corp., 
Tokyo, Japan, 1962. 

Owens, G. G. and Guedry, F. E. "Assessment of Semi- 
circular Canal Function: Part II, Individual 
.Difference in Subjective Angular Displacement 
Produced by Triangular Waveforms on Angular 
Displacement," Army-Navy Joint Report, N69-35893, 1969 

Parker, D. E., et al. "Studies of Aeronautical 

Stimulation of the Vestibular System," Ae rospace 
Medicine , 39, No. 12, 1968, 1321-25. 

Parks, D. L. "A Pre I i m i. nary' Study of the Effects of 
Vertical Aircraft Vibration on Tracking Performance 
and Reaction Time," The Boeing Company, Wichita, 
Kansas, Document D3-3476, November I960. 

Parks, D. L. "Human Reaction to Low Frequency 

Vibration," The Boeing Company, Wichita, Kansas, 

Report D3-35I2-I, AD26 I 330, July 1961. 

Parks, D. L. "A Comparison of Sinusoidal and Random 
V i brat ion ' Effects on Human Performance," Boeing 
Company, Wichita, Kansas, Report D3-35I2-2, AD 261 331 
J uly 28, 1961 . 


40 



219. Parks, D. L. "Defining Human Reaction to Whole-Body 

Vibration," Human Factors , 4, 5, 1962, 305-14. 

220. Parks, D. L. "Simulation Test of the Effects of 

Extended Exposure to Low Altitude Flight Turbulence 
on Flight Crew Operations," Parts I and 2, 

The Boeing Company, Airplane Division, Renton, 
Washington, Document D6-2I37, 1965. 

221. Pearson, R. G. and Hart, F. D. "Annoyance Effects of 

No i se- V i b rat i on Exposures," Aerospace Medical 
Association, Center for Acoustical Studies, North 
Carolina State University, Raleigh, North Carolina, 
Apri I I 970. 

222. Pesman, G. J. "Acceleration Terminology Table of 

Comparitive Equivalents," NASA Manned Spacecraft 
Center, Houston, Texas, N68-II828, 1968. 

223. Pierson, W. R. and Borron, C. I. "Hearing Acuity and 

Exposure to Patrol Aircraft Noise," Aerospace 
Medicine , 40, 1969, 1099-1101. 

224. Pince, Bruce W. "Investigations in the Control of the 

Acce I erat i ve I y Stress Heart Phase," Space/Defense 
Corporation, Birmingham, Michigan, October 1965. 

225. Pradko, F., et al. "Human Vibration Analysis," Report 

from Mid-Year Meeting, Chicago, Illinois, 

May 17-21, 1965, SAE# 650426, New York. 

226. Pradko, F. "Human Response to Random Vibration," Th e 

Shock and Vibration Bulletin , Bui letin 34, Part 4, 

U. S. Naval Research Laboratory, Washington, D. C., 
February 1965. 

227. Pradko, F. "Human Vibration Response," Pro_cee_d i ngs of 

the I 0th Annual Conference on Human Factors Research 
and Development , Fort Rucker, Alabama, 1964, 154-68. 

228. Pradko, R. and Lee, R. A. "Vibration Comfort Criteria," 

U. S. Army Ta n k- Automot i ve Center, Research and 
Engineeerlng Directorate, Advanced Systems and 
Concept Research Division, Systems Simulation Branch, 
Warren, Michigan, c.1965. 

229. Pradko, F., Lee, R. and Kaluza, V. "Theory of Human 

Vibration Response," paper 66-WA/BHF- I 5 , American 
Society of Mechanical Engineers, New York, 

November I 966 . 


41 



230. Randel, H. W., ed. "C I a rk-Ef f ec+s Vibration of Man...," 

Von Gierke, H. D., Aerospace Medicine , The Williams 
and Wilkins Company, Baltimore, Md . , 1971, Ch . 10, 

198. 

231. Riser, G. T. "Exploratory Investigation of the Effects 

of Low Frequency Random Amplitude Vibration on Human 
Performance, " The Boeing Company, Wichita, Kansas, 
Document D3-3328, March 1961. 

232. Roberts, V. L. and Aston, R. "Quant i tat i ve Aspects of 

of V i b rat i on- I nduced Mortality," Arch. Int . 

Ph a rmacody n , 182, 1969, 354. 

233. Roman, J. A., Coermann, R. and Z i egen r uecke r , G. 

"Vibration, Buffeting and Impact Research," 

Aviation Medicine , February 1959, 118-25. 

234. Rosenberg, B. and Segal, R. "The Effects of Vibration on 

Manual Fire Control in Helicopters," Technical 

Report 1-168, franklin Institute Research Laboratories, 

Ma r ch I 966 . 

235. Rubenstein, L. and Kaplan, R. "Some Effects of Y-Axis 

Vibration on Visual Acuity," AMRL-TR-68- 1 9 , Wright- 
Patterson Air Force Base, Ohio, June 1968. 

236. Rubens te i n , L . and Taub, H. A. "Visual Acuity During 

Vibration as a Function of Frequency, Amplitude, and 
Subject Display Relationship," Aerospace Medical 
Research Laboratories, AMRL-TR-66- I 8 I , W r i ght-Patterson 
Air Force Base, June 1967. 

237. Rulon, P. J., Sampson, P. B. and Schohan, B. "The 

Effects. of ' G * Forces on the Performance of 
Teletype Operators," Technical Report 6568, Educational 
Research Corporation, Wr i ght-Patterson Air Force 
Base, Ohio, October 1951. 

238. Rushmer, R. F., Baker, D. W., Stegall, H. F. 

"Transcutaneous Doppler Flow Detection as a Non- 
Destructile Technique," Journal of Applied Physiology , 
21, 2, 1966, 554-66. • 

239. Rustenberg, J. W. "A Technique for the Evaluation of 

Aircraft Ride Qua i i ty , " ASD-WPAFD, Ohio, Technical 
Report ASDTR68-I6, AD673 871, June 1968. 

240. Ryan, J. J. "Human Crash Deceleration Tests on Seat- 

Belts," Aerospace Medicine , 33, 1962, 167. 


42 



241. Salvatore, S. "Effects of Removing Acceleration Cues 

on Sensing Vehicular Velocity," Perceptual and 
Motor Ski I Is , 1969, 28, 615. 

242. Sass, D. J., et al. "Mechanisms of Injury from Vibration," 

NATO AGARD Conference Proceedings , No. 25, Behavorial 
Problems in Aerospace Medicine, October 1967. 

243. Schmitz, M. A. Simons, A. K. and Boettcher, C. A. "The 

Effect of Low Frequency, High Amplitude, Whole Body 
Vibration on Human Performance," Report 130, Contract 
' DA-49-007-MD-797, Bostrom Research Laboratories, 
Milwaukee, Wisconsin, January I960. 

244. Schohan, B. Rawson, H. E. and Soliday, S. M. "Pilot and 

Observer Performance in Simulated Low Altitude High 
Speed Flight," Human Factors , 7, 3, 1965, 257-65. 

245. Seeman, J. S. and Williams, R. B. "Deck Motion Simulator 

Program: Horizontal Sinus.oidal Oscillation Effects 
Upon Performance of Standing Workers," NASA TN D-3594, 
National Aeronautics and Space Administration, 
Washington, D. C., October 1966. 

246. Semotan, J. and Semotanova, M. "Startle and Other 

Human Responses to Noise," Journal of Sound 
Vibration , 10, 3, 1969, 480-89. 

247. Seris, H. and Auffret, R. "Measurement of Low 

Frequency Vibrations in Big Helicopters and Their 
Transmission to the Pilot," NASA TT F-471, 

N67-26599, 1967. 

248. Shaw, D. B., Cinkotai, F. and Thompson, M. L. "Syncope 

Induced by Application of Negative Pressure to the 
Lower Body and its Effect on Lung CO Diffusing 
Capacity," Aerospace Medicine , 37, 1966, 154-59. 

249. Shoenberger, R. W. "Effects of Vibration on Complex 

Psychomotor Performance," Aerospace Medicine , 38 
1967, 1264-1269. 

250. Shoenberger, R. W. "Investigation of the Effects of 

Vibration on Dial Reading Performance with a NASA 
Prototype Apollo Helmet," AMRL-TR-67-205 , Wright- 
Patterson Air Force Base, Ohio, February 1968. 

251. Shoenberger, R. W., et al. "Psychophysical Assessment 

of Whole-Body Vibration," Human Factors , 13, I, 1971, 

4 I . 


43 



252. 

253. 

254. 
255 . 
256. 
257.. 

258. 

259. 

260. 
261 . 

262. 


Shurmer, C. R. "Passenger Comfort in Hydrofoils," 

Human Factors Group, British Aircraft Corporation, 
Ltd., Guided Weapons Division, Filton, Bristol, 1969, 
16. 

Simons, A. K. and Hornick, R. J. "Effects of Vibration 
Environment in Mobile Systems on Human Performance," 
Ergonomi cs , 1962-1963, 321. 

Sipple, W. C. and Po I i s , B. D. "The E I ect roca rd i og ram 
as an Indicator of Acceleration Stress," I RE 
Transactions on Biomedical Electronics , July 1961, 189 

Small, A. M. J. "Auditory Adaptation," Mode rn 

Developments in Audiology, Academic Press, New York 
and London, 1963, 287-336. 

Smith, R. P. "The Effects of Signal Density and Signal 
Variability on the Efficiency of Human Vigilance," 
Order No. 62-6012. 

Snook,- S. H. and Irvine, C. H. "Psychophysical 

Studies of Physiological Fatigue Criteria," Human 
Factors , II, .3, 1969, 291-300. 

Snyder, F. W. "Low Frequency Vibration of the Air 
Crewman as a Factor in Weapon System Capability," 
paper presented at the 29th Annual Meeting of the 
Aero Med i ca I Assoc i at i on Meeting, Washington, D. C., 

Ma rch 1958. 

Snyder, F. W. "Effects of Low Frequency Vertical 

Vibration on Human Performance," paper presented at 
Aerospace Medical Association Meeting, Atlantic City, 
New Jersey, April 1962. 

Snyder, F. W. "Ten Years of Vibration Research and 

Beyond," paper presented at the 15th Annual ONR West 
Coast Research Seminar, Seattle, Washington, June 1968 

-Soli day., S. M. and Schohan, B. A. "A Simulator 

Investigation of Pilot Performance During Extended 
Periods of Low- A 1 1 i t ude , High-Speed Flight," NASA 
CR-63, National Aeronautics and Space Administration,' 
Wash i ngton , D. C., June 1964. 

Soliday, S. M. and Schohan, B. "Task Loading of Pilots 
in Simulated Low-Altitude High-Speed Flight," Human 
Facto rs , 1 , I, 1965, 45-53. 


44 



263 . 


Soliman, J. I. "A Scale of the Degrees of Vibration 
Perceptibility and Annoyance," Ergonomics, II, No. 2, 
10 1. 

264. Stone, R. B. "Cockpit Noise Environment of Airline 

Aircraft," Aerospace Medicine , 40, 1969, 989-93. 

265. Steele, Jack E. "Motion Sickness and Spatial Perception, 

A Theoretical Study," Aerospace Medical Laboratory, 

Wri ght-Patterson Air Force Base, Ohio, ASD Technical 
Report 61-530, AD273 602, November 1961. 

266. Stevens, S. S. "Acoustical Properties of Speech," 

Handbook of Experimental Psychology, Wiley and Sons, 
Ch. 25 and 26, 195 I . 

267. Stevens, S. S. "Cross-Modality Validation of Subjective 

Scales for Loudness, Vibration and Electric Shock," 
Journal of Experimental Psychology, 57, No. 4, 1959, 

20 I . 

268. Suggs, C. S., et al. "Application of Damped Spring-Mass 

Human Vibration Simulator in Vibration Testing of 
Vehicle Seats," E rgonomi cs , 12, No. I, 1969, 79. 

269. Swearingen, T. T., et al. "Kinematic Behavior of Human 

Body During Deceleration," Aerospace Medicine , 1962, 
188. 

270. Taub, H. A. "The Effects of Vibration on Dial Reading 

Performance," AMRL-TDR-64-70 , Wr i gh t-Patterson Air 
Force Base, Ohio, July 1964. 

271. Taub, H. A. " D i a I -Read i ng Performance as a Function of 

Frequency of Vibration and Head Restraint System," 
AMRL-TR-66-57 , Wr i ght-Patte rson Air Force Base, Ohio, 
April I 966 . 

272. Teare, R. J. "Human Hearing and Speech During Whole-Body 

Vibration," The Boeing Company, Wichita, Kansas, 
Document D3-35I2-3, AD 410-259, April 1963. 

273. Teare, R. J. and Parks, D. L. "Visual Performance 

During Whole-Body Vibration," Report De-3512-4, 

The Boeing Company, Wichita, Kansas, November 1963. 

274. Teichner, W. H. and Olson, D. "Predicting Human 

Performance in Space Environments," Prepared by 
Harvard University, NASA CR-1370, 1969. 


45 



275 . 


276. 

277. 

278. 
279 . 
280. 

281. 

282 . 

283. 

284 . 

285 . 


Temple, W. E., Clarke, N. P., Brinkley, J. W. and 
Mandel, M. J. "Man's Short-T i me To I erance to 
Sinusoidal Vibration," Aerospace Medicine, 35. 10. 

1964, 923-30. 

Tinker, M. A. "Effect of Vibration Upon Speed of 

Perception as Measured by Reading Speed," Amer i can 
Journal of Psychology , 61, 1948, 386-390. 

Tinker, M. A. "Effect of Vibration Upon Speed of 
Perception While Reading Six Point Print," Journal 
of Education Research , 46, 1953, 459. ~ 

Tobias, J. V. "Cockpit Noise Intensity: Fifteen Single- 
Engine Light Aircraft," Aerospace Medicine, 40, 1969, 

963-69. “ ' — ~ 

Torle, 6. "Tracking Performance Under Random 

Accleration: Effects of Control Dynamics," Ergonomics, 

8, 4, 1965, 481-86. 

Urabe, S. and Nomura, Y. "Evaluation of Train Riding 
Comfort Under Various Decelerations," Qua rter I y 
Report of the Railway Technical Report Institute of 
Japanese National Ra i Iways , 5, No. 2, June 28, 1964. 

Van Deusen, B. D. "A Study of the Vehicle Ride 
Dynamics Aspect of Ground Mobility," Chrysler 
Corporation, Detroit, Michigan, II, AD 467-025. 

Van Deusen, B. D. "A Study of the Vehicle Ride 

Dynamics Aspect of Ground Mobility," Human Response 
to Vehicle Vibration ," Final Report, Contract DA22 079 
eng. 403, Contract Rep. 3 114, Order 400, March 1965, 
71 pp. HSA Engineer Waterways Experiment Station, 
Vicksburg, Mississippi, (Chrysler Corporation, Detroit 
Michigan). 

Von Gierke, H. E. "B i odyn am i c ' Response, o f the Human 

Body . App I i ed Mechanics Reviews , 17, 12, 1964, 951-58 

Von Gierke, H. E. "On Noise and Vibration Exposure 
Cr i te r i a , " ' Arch i ves of Environmental Health , II, 

1965, 327-39. 

Von Gierke, H. E. and Coermann, R. R. "The Biodynamics 
of Human Response to Vibration and Impact," 

Industrial Medicine and. Surgery , 32, I, 1963, 30. 


46 



286. Von Gierke, H. E. and Hiatt, E. P. "Biodynamics of 

Space Flight," in S., S i n.qer, . ed .. Progress in the 
Aeronautical Sciences , Amsterdam : North-Ho I I and 
Publishing Company, 1962, 345-401. 

287. Von Gierke, H. E. Oestreicher, H. L., Franke, E. K., 

Parrack, H. 0. and Von Wittern, W. W. "Physics of 
Vibrations in Living Tissue," Journal of Applied 
Physiol oqy , 4, 1952, 886. 

288. Vykukal, H. C. "Dynamic Response of the Human Body to 

Vibration When Combined with Various Magnitudes of 
Linear Acceleration," Aerospace Medicine, 39, 1968, 

I I 63-66. 

289. Vykukal, H. C. and Dolkas, C. B. "Effects of 

Combined Linear and Vibratory Accelerations on 
Human Body Dynamics and Pilot Performance 
Capabilities," paper presented to XVI Ith International 
Astronaut i ca I Congress, Madrid, Spain, October 1966. 

290. Walker, J. L. D., Collins, V. P. and McTaggart, W. G. 

"Measurement of Sympathetic Neurohormones in the 
Plasma of Race Car Drivers," Aerospace Medicine, 40, 
1969, 140-41. 

291. Warren, B. H., Ware, R. W., Shermon, I. L. and 

Leverett, S. D. "Determination of Inflight Biochemical 
Responses Utilizing the Parotid Fluid Technique," 
Aerospace Medicine , August 1966, 796-99. 

292. Weis, E. B. "Experimental Analysis of the Human Body 

as a Mechanical System," AMRL-TR-65-8, Wright- 
Patterson Air Force Base, Ohio, 1965. 

293. Weisz, A. Z., Goddard, C. and Allen, R. W. "Human 

Performance Under Random and Sinusoidal Vibration," 
AMRL-TR-65-209 , Wr i gh t-Patterson Air Force Base, 

Ohio, December 1965. 

294. Westbrook, R. M.,and Zuccaro, J. J. "EEG Sensing and 

Transmitting System Contained in a Flight Helmet," 
Aerospace Medicine , 40, 1969, 392-96. 

295. Wick, R. L. "Light Aircraft Noise Problems," Aerospace 

Medicine, 34, December 1963, 1133-37. 

296. White, G. W., Jr., Lange, K. 0. and Coermann, R. R. 

"The Effects of Simulated Buffeting on the Internal 
Pressure of Man," Human Factors, 4, 5, 1962, 275-90. 


47 



297 . 


Woods, A. G. "Human Response to Low Frequency 
Sinusoidal and Random Vibration," Aircraft 
Eng i neer i ng , July 1967, 6-14. ™ ~~ 

298. Yamamoto, T. G. "Structural Dynamic Response of a 

Terrain Fol lowing Vehicle Due to Turbulence," 
NA-64-1324, North American Aviation, Los Angeles, 
California, January 22, 1965. 

299. Young, L. R. "Current Status of Vestibular System 

Models," Automat i ca , 5, 1969, 368-83. 

300. Young, W. A., Shaw, D. B. Navach, J. and Shizgal, H. 

"Effect of CO 2 and Whole-Body Vibration on Ventilation, 
Journal of Applied Physiology , 20(5), September 1965, 
844-48. 

301. Zechman, G. W., Jr., Peck, D. and Luce, E. "Effect of 

Vertical Vibration on Repiratory Airflow and 
Trans p u I mon a ry Pressure," Journal of Applied 
Physiology , 20, 5, September 1965, 849-54. 

302. Zeller, W. "Units for Measurement of the Intensity of 

Vibrations and the Intensity of Sensation of the 
Vibration," ATZ , 5, 1949, 434-36. 

303. Z i egen r uec ke r , G. H. and Magid, E. B. "Short-Time 

Human Tolerance to Sinusoidal Vibrations," WADC-TR- 
59-391, W r i g h t-Patte rson Air Force Base, Ohio, 

J u I y I 9 59 . 


48 



\ • 
\ 


CHAPTER 2 
NOISE 

A. General 

The investigation of the effects of noise on sedentary 
subjects in a closed space with emphasis on passengers on an 
aircraft suffered from a lack of information. The research 
on effects of noise fills volumes, but the emphasis is on 
community acceptance rather than passenger acceptance, 
making it difficult to apply to this study. However, in most 
cases, the information in this paper deals with these studies 
and uses their findings on the assumption that the noise level 
relation to comfort of subject is independent of the location 
of the subject. Accordingly, the findings of this paper will 
be only guidelines until the psychological effects of loca- 
tion are found and correlated. The time period of this 
chapter includes articles appearing in the literature through 
1970. 

In the measurement of noise levels, one finds that there 
exists a great number of scales and measurements that can be 
used depending on the character i st i cs of the noise under 
examination. In Tables I and 2, 37, one sees most of the 
presently accepted methods of noise measurement. Of all 
these methods the two most frequently used in measuring 
aircraft noise are the Perceived Noise Level and the 
A Weighted Sound Pressure Level. The effects of frequency 
have been added to these scales by the use of equal loudness 
contours (figure 1)21. 

The effort to construct equal loudness contours leads 
to breaking the frequency content Into octave bands 
(figure 2, 30 and figure 3)5 and, since loudness is affected 
by the direction of incident, this is also included in some 
equal loudness contours (figures 4 and 5)29. It should be 
noted that this brings out one of the main problems in a 
study of comfort Kevels of noise. Sex and age have a large 
effect on the frequency weighting as seen in figure 6 (sex) 29 
and figure 7 (age) 30. 
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Table I 

SCALES USED FOR MEASUREMENT OF NOISE 
DATUM POINTS. UNITS 

p| = sound pressure In l-th band or frequency 
pj - sound pressure at Judged equality 
P t = threshold sound pressure for specified condition 
p Q - reference pressure for sound pressure level 
Wj = weight factor = 1 at 1 kHz; function of frequency and level 
A I = 20 loq w | 

5 . ~ 1 for a maximum member In a summation, otherwise 
= 0.3 for octave bands, 0.15 for third-octave bands 


m physical measurement (or calculation) a ► arithmetic mean level 

j * judged sensation t *• limit function 


Jj 

2m 

3j 
4 m 
5m 
6j 
7m 
8m 
9j 
10m 

I lj 

I 2m 
f 3m 

14a 
I 5o 


Lou dne s s 

Datum: p *= 0.001 dyne/cm 2 
Unit: loud ness unit 


L = 20 loo < 0 70C /p o > 
Fletcher (1923) 


Loudness (level) 

Datum: p « a threshold sound pressure 

Unit: sensation unit 


= 30 Ion [EfWjpj/p^) 2 / 3 } 
Fletcher and Stelnbera (1934) 


Audiometer reading = 20 loq (d.'d ) 

Datum: noise threshold of buzzer in WE 3 A audiometer ^ 0 

Unit: "arbitrary scale" (sensation unit) Lemon (1925) 


Sensation level (formerly loudness) 


Datum: p 


a threshold pressure 


Unit: transmission unit (TU) 

Loudness 

Datum: p = thresholdat 700 c/s r * ) to 3 

Unit: °"un i t " 


* 10 loq LE O? / 1 D 2 . 

t Ot 

Steinberg (1925) 

= ( I0r 2 /3)lod[j:(w | d. / o o ) 2/r ] 

Steinbero (1925) 


Lautstarke ("physical measure") 
Datum: p « — 1 Wien 

Unit: Wien 


* r>./o t 

Barkhausen ( I 927 ) 


Lautstarke ("sensation measure") 
Datum: p = threshold for buzz* 

Unit: p hon 


= ( 10/3) log ( d / p f > 
Barkhausen ( 1927 ) 


Phonic Level 

Datum: p s I dyne/cm 2 

Unit: sensation unit 


s 20 loq (p/p ) 


Fletcher (1929) 


Deafening Level (Noise Level) 

Datum: P. for three warble tones 

Unit: dec i be I 


=20 log ( p /p^) 
Fletcher (1930) 


= 10 loa E(w.o./o ) 2 
1 t o 


Noise Level (sound level) • = 10 loa E( 

Datum: p = 0.00045 dyne/cm 2 ; 30-dB weiahtinq 

Unit: °decibel Galt (1930) 


Equivalent Loudness = 20 loa p./o 

Datum: 0.0002 dyne/cm 2 , free wave, 1000 c/s ° 

Unit: British Standard ohon B.S. 661: 1936 


Sound Level SPL = 20 I ogC I ( w . p . /d ) 2 3 

Datum: I0' 16 watt/cm 2 — -► P - 0.0002 dyne/cm 2 ; a wt 1 ! 

Unit: decibel ° ASA Z 24.3 - 1936 
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1 9m 

Pe rce i v ed 

no i se level 

PNL 

= 33.2 

loo [ E3 ( w . d./d ) 2 / 3 • 6 2 


Datum: 

0.0007 microbar 



l I o 


Unit: 

PNdB 


Kryt er 

( 1959) 

20m 

La uts t ark 
Datum: 

e (*sproad of loudness) 
2 x 10* 5 i.'/n 2 

l ngd 

= 33.2 

loo Ee( w .p.*/d ) 3 * 8 3 

» 1 o 


Unit: 

P hon GD ; ?hcn GF 


Zw i cker 

( 1 960 ) 

2 1 a 

Art i cu 1 a t 

ion Index 

Al 

- l w 

($. -L . >/30 


Datum: 

natura 1 zero t w . = 1 



1 1 


Unit: 

pure number 


Kryter 

( 1962) 

22m 

Speech Pr 

i vacy 

- 1 0 

.5 > T. w 

. (S. -(!.)* S.-N. 

iti a p 


Datum: 

p = 0.000? mi crobar 





Unit: 

° d e c i bel 


Young ( 

1965) 


Impulse Sound Level 

Datum: p = 2 j yM/m 2 ; A weighting 

Unit: ° d e c i o e i 


= 70 I co f Z w. 6 . /p ] 


DIN 456 33-? (I960) 


SCALES FOP DURAT I ON - 5 CNS I T f VE ‘JOIST LEVELS 
DATUM POINTS. UMTS. 


Composite Noise Rating 

Datum: p » 0.0002 micro bar 

Unit: °dec i bo I 

L = L ♦ I : log ( t /T> 
eq max * e 

■ t = . effective duration 

o 

T = s amp line time 


Mean Annoyance lev*.il 
Datum: 0.0002 

Unit: decibel 

L = L 
eq max 

i ,-m 2 

^eo ” p max 

*e P nax 


*■ I 0 m I o q t / T 
x 0 

/m yp 2/m dt 


Sound Exposure Level 2 

Datum: p? t q = (20 yN/m 2 5 (sec) 

Unit: 0 dec i be I - 

L e = I 0 I og Zj p 2 d t/p 2 t Q ] 

L_ = L ♦ 10 log < T/t ) 

E eq J o 

= L c - 10- log (t /t ) 

F J a n 


r » v 7 + C 

"eq b k other 

D infrasaMa, Stevens (1955) 

(la) t 


L . / 1 On 

L « n iocilElO 1 A + . / T 3 

Koboe . Mats chat, Muller (1966) 
(7a) 

C'b) 

Cc) 

i./io 

l., =10 loo [Z 10 4 t./t ] 

AE i o 

Youno ( 1968) 

( ) 

( !5b ) 

( 5c) 


Integrated Perceived Noise Level 

Datum: p 2 t - (20 yN/m 2 ) 2 (0.5 sec) 


Equivalent (or Effective) E Q ^ soc ? : JL 

Perceived Noise Level 

Datum: p 2 t = (0.0002 m i c rob a r ) 2 < 0 . 5 sec 

Unit: ° ° E d PNdB f 

E d PNL = I PNL - 10 log (d/0.5) 


PML. / I 0 

= 10 loq [E 10 ' At j /t Q 3 

Kryter (1968) 

PNL] /I 0 

= 10 lOgL* 10 At. / d J 


Kryter ( 1968) 
(5a ) 


Effective Perceived Noise Level 

Datum: p 2 T = (20 yN/m) 2 (10 sec) 

Unit: 0 ° PNdB 

l EpN - IPNL - .3 


r /"* W° 

L ep ., = 10 loo [ / 10 d t / I 0 J 

IS0/TC43<Scc-443)520[Uov 19681 
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Figure I. Family of normalized equal noisiness contours 
found by Wells (solid I i nes ) , p roposed by Kryter and 
Pearsons (dashed lines) (5). and contour (adjusted downward 
by 4 Noy to aid comparison) f ound by cO I I erbead ,..(vli5 ): . : sAfster 
Wells (24). ( From . Ref . e2:l ) 



Figure 2. Equa 1 - I oudness contours for relatively narrow 
bands of randorri -natise nTfre center f requency rof the band-. 
is shown as ; ttee i^ab.s c i ss a p -->and ath e numbers ?on th-e^cu rves are 
phons ( I rw i anPo Mack, '-’The Loudroess vQfwBantfs» ’of "Nol 
Journal of th-e aAceust t c&iinSecl-et'/i-.of Am . , --Vo M = 24 . Sept. 19 
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F®wF?HFrom Ref. 30) 







Other factors which influence equal loudness measurements 
are the effects of tones and comparison of broad band noise 
to pure tone noise (figure 8)10, The duration of a noise has 
been investigated, and several methods devised for studying 
time dependency, including the development of new noise level 
scales (Table 2) and relations to existing Perceived Noise 
Level (PNL) and Sound Pressure Level (SPL) (figures 9)21 and 
10)25 scales. Other problems encountered include the amount 
of insturction given to the test subjects and the differences 
in individual adjustment to the loudness of a noise (figure II 
(figure 11)29. At this point it seems that both the PNL and 
SPL (A weighted) scales with octave band filters should be 
used in the study of passenger acceptance of aircraft noise 
(see figure 12, 21 for a comparison of these scales). 

When one tries to set comfort levels corresponding to 
noise levels for passengers on aircraft using data from test 
subjects on the ground, an important factor Is left out of 
the test - fear associated with a noise. This fear arises 
from noises whose source cannot be determined and noises that 
do not fit the pattern of proceeding noises. Also, people 
feel differently about the same noise depending on the 
relative importance of the cause. Thus, the effects of these 
problems need further investigation and the results added to 
existing information before a complete comfort scale can be 
constructed . 

In the construction of the comfort scale there exists 
one area which will be independent of psychological factors, 
that is, the physiologically dangerous /damag i ng no i se level. 
This noise level varies depending on the number of recurrences 
in a twenty-four hour period - the more frequent the noise, 
the lower the limit. Botsford, 5 has done research in this 
area and Table 3 gives limits for different noise durations 
and recurrence times. Here the minimum is eighty-nine 
decibels (A weighted SPL) for an eight hour exposure. 
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Figure 10. Showing relative effect upon PNL of changing 
duration of a noise relative to a duration of 12 secs. 
After Kryter and Pearsons (5) and after Pearsons (16). 

( f rom Ref . 25 ) 


INSTRUCTION FACTOR 



Figure II. Equal loudness and equal noisiness method 
individual adjustment (after Kryter and Pearsons, 1963). 
(from Ref. 29) 
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Noise Level, (from Ref. 21) 


•O M CO 105 

PERCEIVED NOISE LEVEL ' v • 

Table 3 

ACCEPTABLE EXPOSURES TO DANGEROUS NOISE 

To use the tabte* select the column headed by the number of 
times the dangerous noise occurs per day, read down to the 
average sound level of the noise and locate directly to the 
left in the first column the total duration of dangerous 'noise 


al lowed for any 24 hour period. it is permissible to inter- 
polate if necessary. 


Total 
Noise 
Durati on 
Per Day 
(24 hours 


Number 

of Times Noise Occurs 

Per Day 
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;) 
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‘ 7 

-'15 

35 

75 

160 
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h rs . 
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• ,89 

89 

89 

. 89 

89 • 

89 
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1 5 . 

90 

*92 

95 

97 

96 

94 

93 


4 


9 1 

94 

98 
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103 

101 

99 


2 


93 

98 
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108 

143 

1 17 


1 


96 
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1 14 

125 

125 

( 1 ±h ) 

30 
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1 05 
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1 1 4 
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B. Selected Annotated Bibliography 


Both the figure and reference numbers are se I f - i nc I us i ve 
and refer only to the chapter in which they are cited. 


Alford, B. R., Jerger, J. F., Coats, A. C., Billingham, J., 
French, B. 0. and McBrayer, R. 0. "Human Tolerance to 
Low Frequency Sound," presented at the 7th Annual 
Session of the American Academy of Opthalmology and 
Otolaryngology, November 14-19, 1965, Chicago, project 

supported by NASA Contract NAS 9-2468. 

Explored the human physiological alterations during 
exposure to intense sound below 22 cps produced by 
sinusoidal pressure fluctuations (pure tones by a 
piston and crank assembly, which varied the volume) of 

the test chambei intensity of the pure tones produced 

ranged from 119-144 dB sound pressure level (SPL). 
Monitored EKG and respiration (by impedance pneumogram), 
monitored auditory thresholds before, during, and after 
exposure to the stimuli. 

Bolt, Beranek, and Newman, Inc., Camb r i dge , Ma . "Some Factors 
Influencing Human Response to Aircraft Noise: Masking of 
Speech and Variability of Subjective Judgements," 

June 1965, 72 p. FAA-ADS-42. I R- 1 5387 . AD-617 935. 

Statistics of the variability of subjective judgements 
of loudness and noisiness of pure tones and complex 
sounds as studied in the laboratory and in the field 
presented. Analysis of possible sources or causes of 
this variability made in terms of test/retest relia- 
bility differences among subjects. Type of sounds 
judged, and experimental method used in obtaining 
judgements, possible contributors to variability of 
judgements. This is due to differences in the size of 
the external ear and the thresholds of auditory 
sensitivity at different sound frequencies for different 
age groups. Word intelligibility tests at various 
intensity levels administered to a crew of trained 
listeners in the presence of recorded noise from jet 
and p rope I i e r-d r i ven aircraft. The noise was that which 
would be present outdoors and in a house as the result 
of engine run-up operations and aircraft flying overhead 
shortly after takeoff and prior to landing. Methods of 
measuring or evaluating aircraft noise predict the 
results of the speech tests in the following order of 
merit, from best to worse: I) articulation index (Al); 

2) and 3) perceived noise level in PNDB and speech 
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interference level (SIL) (SIL and PNDB appear to 
predict the masking of speech about equally well); 

4) noise criteria (NC); 5) overall SPL, A scale; and 
6) overall sound pressure level, C scale. 

Canada, Defense Research Medical Laboratories, Toronto, 

"Noise Survey, CSR-IIO Aircraft," October 1962, II p. 
(DRML Technical Memo No. 244-6) IF-769. AD-297-898. 

Survey of the noise generated by the engines of the 
CSR-IIO (Albatross) aircraft. Inside the aircraft the 
noise was composed of sound enerqy in the low frequencies 
with overal I SPL ranging from I 10 dB at the radar 
operator's position to 103 dB at the rear of the aft 
compartment. On the ground at a distance of 100 ft 
from the aircraft, the significant sound energy in the 
noise was in the frequency range 37.5 to 300 at idling 
power. Overall SPL ranged from 90-119 dB. All persons 
regularly exposed to this noise should participate in 
a hearing conservation program which requires use of 
proper voice equipment. 

Guignard, J. C. Noise , in Gillies, J.A. ed., A Textbook of 
Aviation Physiology , Pergamon Press, 1965, 895-967. 

Comprehensive review of noise in aviation, where noise 
is defined as "any sound that is unpleasant, loud, 
harsh, or distracting." Reviews physical nature of 
sound and the principles of noise measurement. Table 
summarizing representative levels of equivalent and 
relative loudness for sounds ranging from rustling 
leaves to a large rocket engine at 100 yards presented. 
Techniques of noise measurement and analysis are 
discussed. Noise as sources, including the aircraft 

itself, air-field equipment, etc. sound propagation 

through air under various mete ro I og i ca I conditions is 

compared the physiology and microanatomy of the ear 

are described, and the effects of noise are assessed. 
Psychology of noise also considered, but it is 
emphasized that while for many people various sounds are 
annoying, an exact definition of annoyance and its 

nature is difficult to formulate principles of noise 

suppression in aviation and equipment used for this 
purpose are examined. 

Harris, C. S. and Shoenberger, R. W. "Combined Effects of 
Noise and Vibration on Psychomotor Performance," 
Aerospace Medical Research Laboratory, Aerospace Medical 
Division Air Force Systems Command, WPAFD, Ohio, 

AMRL-TR- 1 4 ( BME 005 1) Project 7231, Task 723101 
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Tracking performance and reaction time to the 
appearance of a light (red) and disappearance of a 
light (green) of highly trained Subjects measured. 

Noise = 85 or NO dB and noise exposures combined with 

0.25G vertical vibrations at 5 Hz duration at each 

exposure was 19 minutes. Vibrations found to have an 
adverse effect on both the horizontal and vertical 
tracking tasks and on reaction, time to both sets of 
lights. Noise had a significant effect, both with and 
without vibration, but only on the vertical part of the 
tracking task. On vertical tracking, the effect of 
noise was additive to that of vibration with both noise 
and vibration presented simultaneously - NO dB + 

.25 G @ 5Hz . 

loseliana, K. K. "Effect of Vibration and Noise and Ability 
to Do Mental Work Under Conditions of Time Shortage," 
Environmental Space Sciences , 1(2), March-April 1967, 
144-46. (Translated from Kosm i ches kay a Bloloqiya i 
Med i ts I n a , 1(2) 79-82, March-April 1967). 

Task continuous counting at a set rate method whi le 

working. Analysis of the mistakes during vibration. 
Determined the effects of vibration and noise separately. 

RESULTS: Ability to do mental work reduced during 

exposure to noise alone an average of 50#. Combined 
exposure to vibration and noise decreased amount to 
33-50# and was stable. In first minutes after switching 
off the combined stimuli, although some Improvement 
in the quality of the work took place, initial producti- 
vity not fully restored. 70# of decrement due to 

vibration, 30# due to noise but vibration causes 

persistent disturbances of mental activity. 

Jerison, H. J. "Effects of Noise on Human Perf ormance , " 

Journal of Applied Psychology . 41, No. 2, 1959, 96-101. 

Experiment I: Purpose check previously reported 

results that performance on a prolonged vigilance task 
was poorer in noise than in quiet. 

Experiment II: Noise and complex mental counting. 

Subjects working in high energy noise fields cannot 
keep an accurate count of how far they had gone in a 
repetitive task. Found severe decrement with NO dB 
noise I eve I . 

"Implication is that for short, spurt-like efforts, no 

performance decrements in noise need be expected 

sustained performance, however, and the task not 
intrinsically challenging, effects of the sort reported 
here are likely." 
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King, P. G. "Auditory Perception' in Aircrew," in Gillies, 

J.A. ed. A Textbook of Aviation Physiology , Oxford, 
Pergamon Press, Ltd., 1965, 968-88. 

Review of the measurements, techniques, and the 
standards involved in auditory perception in aircraft 
personnel. Although considered obvious, the need for 
the members of an a( rcrew to have good hearing is empha- 
sized. Show that, in practice, a pilot who is required 
to hear speech in a background of noise is unlikely to 
make use of a greater range of speech frequencies than 
that from 500-3000 Hz. The clinical and audiometric 
tech n i q ues. of examining hearing acuity are described, 
and three different tests administered by the RAF are 
evaluated and compared. Risk to hearing and acoustic 
trauma are shown to depend on factors which include age, 
individual susceptibility, and nature and intensity in 
excess of 95 dB can be hazardous to hearing. Measures 
to reduce the risk of hearing loss are reviewed in 
pa rt i cu I a r . the RAG Mark III ear defender is described 
and i I I ustrated---use of audiograms described. 

Kryter, K. D. "An Example of ’Engineering Psychology’: The 

Aircraft Noise Problem," Presidential Address presented 
to the Society of Engineering Psychologist at the 
meeting of the American Psychological Association, 
Washington,. D. C., September 1967. 

Three criteria for aircraft noise levels: 

a) PNdB - basic unit for measuring the sound from 
aircraft and other sources in terms of its most 
probable "annoyance" effect on people. Found by 
making calculations on octave band or one-third 
octave band sound pressure level measurements of a 
sound. Effects on annoyance or the "noisiness" 

of a sound in terms of p u re- tone . con ten t and 
duration of a sound can also be evaluated by 
"corrected" PNdB units 

b) Composite noise rating (CNR) = PNdB -12+10 lognjN 

c) See also Noise and number index (NNI) 

NNI = PNdB -80+15 log 10 N 
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Little, J. W. and Mabry, J. E. "Human Reaction to Aircraft 
Engine Noise," A69-I2766, The Boeing Company, Seattle, 
Washington, Sound and Vibration . November 1968. 

Evolution of EPNL (effective perceived noise level) and 
its possible constraint on engine design and a new 
approach to subjective evaluations are significant areas 
discussed. Although field-test studies have an element 
of realism, since judges are exposed to actual fly-overs, 
control of the noise is limited. This leads to confusion 
in i nterpretat i on of results as found in the interaction 
of the location variable and the noise level variable 
therefore: 

a) Avoid category scaling using word descriptions; 
results are dependent on the words used and the 
range of noises investigated. 

b) Establish a reference noise as a means of anchoring 
the judgements. 

c) Establish an approach that combines laboratory 

control in particular, control of the noise 

parameter and the realism of living situations 

Community acceptance related to average peak noise level 
and to the number of times the noises occur gave rise to a 
concept called Noise and Number Index (NNI). Change in 
annoyance with number of events was given as 15 log N. 

PURE TONES: Presence of pure tones caused increased 

annoyance not accounted for by PNL. Pure tone correction, 
i.e., ratio of pure tone to noise level is important. 

Mohr, G. C., Cole, J. N., Guild, E. and von Gierke, H. E. 

"Effects of Low Frequency and Infra Sonic Noise on Man," 
Aerospace Medicine , 36, 1965, 817-24. 

Investigated noise environments in the l-IOOHz frequency 
range,. Subjects exposed for two-minute periods to high 
intensity, broad-band, narrow-band and pure-tone low 
frequency noise. Effects of these exposures on cardiac 
rhythm, hearing threshold, visual acuity, fine motor 
control, spatial orientation, speech intelligibility and 
subjective tolerance were observed. Exposures up to 
154 dB in the 1-100 Hz range were achieved. Range of human 
exposure to infrasound was extended from 20-40 dB above 
prior documented experience. Both objective and subjective 
responses of the Subjects demonstrated that short-duration 
exposure to low frequency noise up to 150 dB is well 
within human tolerance limits. Exposures above 150 dB 
elicited responses indicating the limiting range of 
subjective tolerance and reliable performance was being 
approached . 
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Stone, R. B. "Cockpit Noise Environment of Airline Aircraft," 
Aerospace Medicine , 40, 1969, 989-93. 

Noise level surveys were carried out in the cockpit of 
the M40 4 , DC6 , F27A and J, F227, CV600, LI88, B720, 

B727, B707, and DC9 . Octave band analysis during a 
number of regimes of flight indicate cruise and high 
.speed descent were the noisiest portions of flight. 
Compared to speech interference criterion many of the 
currently operated turboprop exceed damage risk and 
cause communication between pilots to be carried out at 
a near shout. Source of the noise is air movement around 
the aircraft nose and windshield, radio and instrument 
component noise, engine component and in the jet prop 
the noise associated with propeller operation. Chose 
five hours as the average length of exposure. 

Tobias, J. V. "Cockpit Noise Intensity Fifteen Single Engine 
Light Aircraft," Aerospace Medicine . 1969, 963-69. 

15 populated aircraft tested for the noise intensity 
present during normal cruising operations at 2,000, 

6,000 and 10,000 feet MSL. Compared with currently 
accepted DRC (damage risk criterion) curves, the noise 
levels found even in the quietest plane tested could be 
damaging use earplugs. 

U. S. National Aeronautics and Space Administration, Langley 
Research Center, Langley Station, Virginia, "Some 
Effects of Spectral Content and Duration on Perceived 
Noise Level ," Apri I 1963, 53 p. TN-D-1873, IR-979, 

I R-2687 

Equal noisiness contours and tables for the audible 
frequency range up to 12,500 Hz presented for use in the 
calculation of perceived noise level. Results presented 
for judgements by 250 subjects to determine the effects 
of duration on the perceived noise level of aircraft 
sounds . 
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C. Proposed Criteria 


From the general discussion in section A the comfort 
zone is set at the level at which normal conversation can be 
maintained without extra effort. This level seems to be 
between 50 and 60 decibels octave noise level (figure 16) 
and between 80 and 90 decibels PNL (figure 13 and 14). 

Thus, the maximum level for comfort can be established as 70 
decibels PNL broad band or as 60 decibels SPL in any octave 
band . 


The level of comfort sti I I remains low for the design 
of an aircraft since these levels may have to be exceeded. Thus, 
other points on the comfort scale should be found that would 
be tolerated by the passengers. This acceptable zone can be 
placed between 70 and 80 decibels PNL as indicated by 
figures 13, 14 and 16. This leaves two zones between 80 

decibels PNL and 90 decibels SPL which should be included 
in the noise comfort scale. If the 90 decibel SPL in 
converted to PNL by the use of figure 12, the danger 
threshold appears at 100 decibels PNL. Therefore, the 
division between the 'noisy' to 'annoying' zone can be taken 
as 90 decibels PNL. The comfort scale so constructed appears 
in figure 17. 

This scale appears to agree with noise levels from 
different sources as indicated by figures 18 and 19 (4). If 
the duration and tone corrections are made, then the results 
of a field study should agree with this scale unless the 
psychological effects of flight cause a lowering of the 
noise level limits. 
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Figure 13. Judged equivalent scale ratings for stimuli 
employed in all laboratory test sessions. 
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Figure 14. Comparison of results of several category scale 
judgements (arrows indicate range-of noise levels during 
exper i ments ) . 
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Figure 16. Average noise levels for contemporary aircraft 
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Figure 18. Mean noisiness rating vs. perceived noise level 
(adjusted for duration and discrete tone content) of noise 
stimulus groups for all laboratory test sessions. 
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Figure 19. Mean noisiness rating vs. perceived noise level of 
noise stimulus groups for all laboratory test sessions. 
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CHAPTER 3 
TEMPERATURE 

A . General 

In any investigation into the effects of temperature 
one is confronted with a great number of variables. One 
must decide which of these variables to include in his 
investigation. If one considers only the physical variables 
directly connected with temperature, there still remain many 
complex interactions of these variables. This is the cause 
of so much variation in the research that has been conducted 
in this area. Also, due to the large number (figure I (16)) 
and complexity of interaction among variables there has been 
little progress in the effort to write a thermal comfort 
equation. 

There exist three main methods for heat exchange 
between the environment and the human body. These are 
evaporation, convection and radiation, and each is 
affected differently by the various physical factors. 

(figure 2(21 )). 

Another problem encountered in trying to write an 
equation to predict the thermal comfort is that under ideal 
conditions there will be some people who will not be 
comfortable. It has been found that a maximum of 80 percent 
of the people can be comfortable under the best conditions 
(16, 17). This problem is caused by individual differences 

in heat production, body size, age, sex, clothing and other 
lesser physiological factors as represented in figure 3(1). 
Thus, any standards developed for thermal comfort deal with 
this percentage instead of with all persons. 

There has only been one widely used standard developed 
that sets limits on all the physically changeable variables, 
that is the ASHRAE Standard 55-66 (figure 4 and 5). The use 
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Figure 2. Methods of heat exchange and their governing 
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ASHRAE STANDARD 55-66 

This standard specifies the environmental conditions that 
will provide year-around thermal comfort for most people, 
normally clothed, engaged in sedentary or near sedentary 
activities. The limits on the specifications have been 
based on the current state of knowledge of environmental 
physiology, comfort research and commercial practice. This 
standard replaces the Code of Minimum Requirements for Comfort 
Air Conditioning (1938). 

Section 1.0 Purpose and Scope 

1.1 This standard specifies desirable and generally 
acceptable thermal environmental conditions for 
comfort of sedentary and si ightly active, healthy 
and normal ly clothed people in the United States 
and Canada. 

1.2 This standard does not specify the non-thermal 
environmental factors such as ventilation rate's, 
noise, illumination, etc. 

Section 2.0 Definitions 

2.1 Air Cond i t i on i ng-the process of treating air so 
as to control simultaneously its temperature, 
humidity, cleanliness, and distribution to meet 
the requirements of the conditioned space. 

2.2 Thermal Comfort-that condition of mind which 
expresses satisfaction with the thermal environ- 
ment. 

2.3 Thermal En v i ronmen t-those characteristics of the 
environment which affect the heat exchange of 
people. They are air temperature, humidity, and 
velocity and surface temperatures. 

2.4 Comfortable Thermal Env i ronment-an environment 

in which at least 80$ of normally clothed men and 
women living in the United States and Canada 
while engaged in indoor sedentary or near seden- 
tary activities would express thermal comfort. 
(See Chapter on Physiological Principles in the 
ASHRAE Guide and Data Book.) 

2.5 Dry-Bulb Temperature-the temperature of a gas or 
mixture of gases indicated by an accurate thermo- 
meter after correction for radiation. 

Figure 4. ASHRAE Standard 55-66. 
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2.6 Wet-Bulb Temperature-thermodynamic wet-bulb 
temperature is the temperature at which liquid 
or solid water, by evaporating into air, can 
bring the air to saturation ad i abat i ca I I y at 
the same temperature. Wet-bulb temperature 
(without qualification) is the temperature 
indicated by a wet-bulb psychrometer constructed 
and used according to specifications. 

2.7 Relative Humidity-the ratio of the mol fraction 
of water vapor present in the air to the mol 
fraction of water vapor present in saturated 
air at the same temperature and barometric 
pressure; approximately, it equals the ratio of 
the partial pressure or density of the water 
vapor in the air to the saturation pressure or 
density, respectively, of water vapor at the 
same temperature. 

2.8 Mean Radiant Temperature (MRT)-the temperature 
of a uniform blank enclosure in which a solid 
body or occupant would exchange the same amount 
of radiant heat as In the existing non-uniform 
env i ronment . 

2.9 Air Velocity-a quantity which denotes the in- 
stantaneous time rate and direction of air motion. 


2.10 Occupied Zone-the region within a space between 
a level 3" above the floor and the 72” level and 
more than 2' from the walls or fixed air-condi- 
tioning equ i pment . 

Section 3.0 Environmental Conditions for Thermal Comfort 

3.1 Dry-Bulb Temperature 

3.1.1 The dry-bulb temperature shall be between 
73 and 77° F at any point within the 
occupied zone, and at any time, when MRT 
is approximately equal to the dry bulb 
temperature. 

3.1.2 The dry-bulb temperature may exceed the 
range given in 3.1.1 if necessary to 
provide compensation for MRT deviations as 
specified in 3.3. 


Figure 4. ASHRAE Standard 55-66. 
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3.1.3 The rate of change of dry-bulb temperature 
at any point in the occupied zone shal I 
not exceed 4 deg/hr if the peak to peak 
variation in the temperature cycle is two 
or greater within the limits stated in 3.1.1. 

3.2 Relative Humidity 

3.2.1 The relative humdity shall not exceed 80 
percent at any point in the occupied zone. 
(For many reasons other than for thermal 
comfort, the relative humidity should not 
fall below 20 percent.) 

3.2.2 The rate of change of relative humidity 
at any point in the occupied zone shall 
not exceed 20 percent/hr if the peak to 
peak variation of the humidity cycle is 
10 percent or more within the limits 
stated in 3.2.1. 

3.3 Mean Radiant Temperature 

3.3.1 When the mean radiant temperature in 
the occupied zone differs from the dry- 
bulb temperature, the dry-bulb tempera- 
ture shall be reduced 1.4 F for each 1.0 
F mean radiant temperature elevation 
above air temperature and vice versa. 

3.3.2 The MRT correction shal I be considered 
applicable only for mean radiant tempera- 
tures between 70 and 80 F. 

3.3.3 When excessive local radiant effects are 
present from surfaces which are consider- 
ably above or below the room air tempera- 
ture, compensation shall be provided. 

3.3.4 The rate of change of mean radiant temp- 
erature at any point in the occupied zone 
shall not exceed 3 deg/hr if the peak to 
peak variation of the MRT cycle is 1.5 F 
or more, within the limits stated in 3.3.3 

3.4 Air Velocity 

3.4.1 The air motion in the occupied zone shall 
not exceed 45 fpm and shall not be less 
than 10 fpm at any time. 

Figure 4. ASHRAE Standard 55-66 
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Figure A. The shaded area shows the permissible "comfort zone" 
relating dry-bulb air temperature and mean radiant temperature. 



Figure B. The light area shows the permissible "comfort zone" 
of dry-bulb air temperature as it changes as its fastest rate 
with time at a single location in the occupied zone, when the 
dry-bulb air temperature is equal to the mean radiant temperature 
at time zero (shaded area comfort zone, white area Is maximum rate 
of change ) . 

(Figure 5. Graphical Representation of ASHRAE Standard 55-66) 
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Figure D. Permissible "comfort zone" when both dry-bulb air 
temperature and rh change at their fastest rate with time. 


db * (.'aT 77 F 



Figure E. The permissible "comfort zone" is represented by any 
combination of dry-bulb air temperature, mean radiant tempera- 
ture and rh which falls within the truncated hexagonal parts 
shown, any time, at any point in occupied zone. 

(Figure 5. Graphical Representation of ASHRAE Standard 55-66) 
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of this standard still remains very limited since it assumes 
that the subject is initially at thermal equilibrium with the 
environment. There has been some disagreement with the actual 
limits imposed by the standard (12, 20). Thus, many efforts 
have been directed at updating the 55-66 Standard rather than 
at trying to develop a new standard. 

The efforts toward the building of a completely new 
standard stem from efforts to devise new methods for 
describing the thermal environment. This arises from the 
dependence of dry-bulb temperature, relative humidity, 
atmospheric pressure, wet-bulb temperature and ventilation 
rates. This interdependence of the variables is usually 
shown in monogram form, (figures 6, 7, 8, (I, 22, 29) and 

the effective temperature is then used in correlation with 
comfort of the subjects. Some of the efforts to relate 
comfort to the effective temperature are shown in figure 9 (I) 
which includes changes from winter to summer zones. This . 
effort appears to have a bias to dry-bulb temperature and 
high percentage of comfort over a wide range of temperature 
which seems unfounded due to the lower percentages found in 
other research reports. 

The insulating effects of clothing is another important 
factor which has entered into more recent studies, and which 
makes many previous studies practically useless, e.g., Weslow 
and Herrington (21) did a great deal of work using nude test 
subjects, but due to this condition their results cannot be 
readily applied. Seppanen, McNall, et al., (18) have done 
a recent survey on the insulating effects of different types 
of clothing. Also, they found that the clothing factor for 
men varies from .48 to 1.00 (clo) while rang© for women 
varies from .21 to 1.00 (clo) (figure 10), but that the 
average for both men and women falls at about .6 (clo) for 
yearly coverage. • ' * •> 
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Figure 6. Effective temperature chart showinq. normal scale of 
effective temperature, applicable to inhabitants of the 
United States under conditions, stated. 
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Figure 9. Revised ASHRAE comfort chart. 
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Also, the effects of various air velocities on the 
effective clothing factor was investigated in the same 
study (figure II, 12). Their average value of 0.6 (clo) has 
been used in other research (4). Another effort in the same 
area, but using a d i fferent approach was conducted by 
Nishi and Gagge (14). They worked with the permeation 
efficiency of water vapor for various clothing factors and at 
different air velocities. Their findings are more applicable 
for use in a mathematical model of a human subject than in 
actual field studies (see 4). 

The effects of radiant energy exchange have been 
investigated in two noteworthy studies. Chrenko (3) studies 
the effects of hot floor sucfaces on the comfort of test 
subjects. His method was to relate the !f I oor temperature and 
the temperature of the soles of test subjects feet to the 
comfort of the subject. He found that for a comfortable 
response (vote) of the test subject the floor temperature, 
could not exceed 77° F. He ends his report with a recommen- 
dation of a maximum value of 75° F for marginal considerations. 
The other study, McNall and Bibbison (II) produced a wider 
range of res u I ts . 

The conditions that they investigated included hot and 
cold walls, and hot. and cold ceilings. The neutral zone for 
radiant temperatures for various dry-bulb temperatures that 
they developed is shown in figure 13. The percentages of 
comfort votes for each series of test varied from 60 to 80$ 

(see figure 14 for actual statistics). The results of all 
their tests were used for developing an equation for describing 
the thermal sensations for different radiant fields, (these 
results are tabulated in Table 4). There is only one point 
that decreases the reliability and validity of this study; 
they only used college age test subjects, thus the age 
factor is not included in the results. 
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Figure 12. Effect of air 
velocity on I . for the KSU 
standard uniform and emsembles 
10 and 20 from Table VII. 
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Figure 13. Lines of predicted thermal "neutrality" for the 
males and females of the cool and hot wal I series and the 
uniform MRT series. 
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TABLE 4 

REGRESSION EQUATION VALUES USED IN PREDICTING THE THERMAL 
SENSATION OF SEDENTARY SUBJECTS AND SUPPORTIVE .STATISTICS 







MODEL: Y 

= Y+tn (t a 

- ta) + b 2 (fort 

~ fort) 

* 





SERIES 

SEX 

EQ. 



mm 

b l 

U>1 


b 2 

tbj 


r2 

J y.t a . 

fort 

H 

NO. OF 
SUB. 

Uniform 

M*F 

1 

4.00 

78.88 

81.01 

0.111 

14.65*** 

0.009 

6.077 

8.75*-* 

0.009 

Esa 


isa 

106 

MRT 

f/i 


4.03 

78.83 

81.01 

0.099 

8.16*** 

0.012 

0.066 

5.67*— 

0.012 

ESI 

0.651 

1.51 

80 


F 


3.99 

73.83 

81.01 

0.122 

8.61*** 

0.014 

0.038 

6.53*** 

0.014 

EH 

0.761 

1.37 

< 80 

Cool 

NVrF 

2 

3.37 

80.69 

80.77 

0.121 

8.37“** 

0.014 

0.056 

3.73*** 

0.015 

0.637 

0.747 

2.16 

ICC 

Wall 

M 


3.90 

80.77 

30.83 

0.076 

4.90*** 

0.015 

0.040 

2.34'* 

0.017 

0.541 

0.533 

2.11 

50 


F 


4.03 

80.51 

80.70 

0.165 

8.72*** 

0.019 

0.072 

J.44** 

0.021 

0.773 

0.739 

2.32 

50 

Hot 


3 

4.49 

79.53 

79.94 

0.124 

6.36*** 

0.020 

0.035 

1.63 

0.021 

0.521 

0.357 

- 

70 

Wail 

M 


4.44 

79.49 

79.97 

0.054 

2.21* 

0.024 

0.058 

2.39* 

0.024 

6.398 

0.764 

0.93 

35 


F 


4.54 

79.57 

79.90 

0.194 

7.49*** 

0.026 

0.009 

0.29 

0.030 

0.715 

0.800 

- 

35 


R2 = Square of the Multiple Linear Correlation Coefficient 
S£)j = Standard Error of bj 

b| 

t b . = t Ratio = — 

u l s Oj 

s v * = Standard Error of Y for Given Values 

i • '3 * 

Y - Thermal Sensation, (Y = mean Y) 


t a = Air Dry Bulb Temperature, (t a = mean t 3 ) 
Wt= Mean Radiant Temperature, (fort * mean fo f t) 
* * Significant at the 5 °o Probability Level 

** = Significant at the Vb Probability Level 
*** = Significant at the 0.1?j Probability Level 
6/ r Coeff ieie<vr 


94 




























The effects of periodic fluctuations in the environmental 
variables has had very little research devoted to it. The 
only information available in this area are the ASHRAE Stan- 
dard 55-66 and the research of Sprague and McNa I I (20). The 
research conducted by Sprague and McNall do not agree with 
that of the ASHRAE Standard. They studied the effect on 
comfort of both various periods and various amplitudes of 
fluctuating temperature (dry-bulb) and relative humidity. 

Their results were given in comparison with the ASHRAE 
Standard as seen in figures 14-19. The same defect exists 
in this study as in that conducted on the radiant temperature 
investigation, the ages of the test subjects were all in the 
range of 20.5 years to 25 years of age. For this reason, the 
good points raised in the test are over-sh,adowed by this and 
since the only comparable results are those of the ASHRAE 
Standard it is felt that further research is needed to 
establish which.of the limits should be followed. At best, 

the most strict part of both limits should be used. , 

* ' 

If one' prefers to use only a I i mi ted ' number of the 

variables used for describing the thermal environment, there 
remains one method that has not previously been noted. This 
method of describing the thermal environment is the temperature 
humidity Index (originally calledthe discomfort index) which 
was devised by the U. S. Weather Bureau. The temperature- 
humidity index, is found using the equation 

T-H I = .4 ( T DB + T w B ) + 15.0, where T and T WQ are the dry 
and wet-bulb temperatures in °F, has been used as a comfort 
scale. Most persons will be uncomfortab | e If the T-HI exceeds 
79 and values of 86 are considered extreme (5). 

The ventilation rates required for comfort have received 
little research along the limits imposed by the ASHRAE Stan- 
dard which gives maximum and minimum values of 45 and 10 feet 
per minute respectively, and the Heating, Ventilating and Air 
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Figure 14. The distribution of comfort sensation votes 
of "comfortable" within the thermal sensation votes for 
sedentary subjects of all series conducted. 



Figure 15. Test conditions for fluctuating humidity tests 
compared to the ASHRAE 55-66 Standard. 
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Figure 16. Test conditions and suggested thermal comfort limits 
limits for fluctuating temperature tests compared to the 
ASHRAE Standard 55-66. 



Figure I 7 Suggested maximum temperature amplitude for 
thermal comfort versus cycle time for triangular wave 
temperat ure va r i at i ons . 
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Figure 18. Suggested maximum humidity amplitude for thermal 
comfort versus cycle time for triangular wave humidity 
variations. 
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Figure 19. Regression coefficient (vote with temperature) 
versus temperature amplitude times average temperature rate 
for the fluctuating temperature tests. 
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Conditioning Handbook (8), which gives 15 feet per minute, 
minimum, and a maximum of 'less than drafts.' The values 
used in most researches investigated were from 20 to 25 feet 
per mi n ute . 

The efforts to describe man's thermal comfort started 
with the use of skin temperature and the relating factors. 

But due to the difficulty of determining the mean skin 
temperature for large groups of test subjects, other methods 
were later used. The use of skin temperature did have a 
relatively simple relation to comfort (21), so there have 
been recent efforts by Gagge, et al., (4) to relate back to 
this variable in a thermal environment study. Gagge, et al., 
built a mathematical model for a sedentary clothed man and 
wrote a computer program (see 4) that describes the thermal 
state of a test subject at the end of a one hour exposure. 

This model has a great number of advantages since It can 
be used for different metabolic rates, temperatures, 
humidities', clothing factors and other factors by making 
small changes in the program. The program could stand 
revisions to allow for changes in. radiant temperature (it 
assumes radiant temperature equals dry-bulb temperature). 

The results from their program can be seen in figures 20, 21, 
22, and 23. In figures 22 and 23 one again sees the effective 
temperature, but with slight modifications dealing with skin 


wetness . 
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HUMID OPERATIVE TEMPERATURE 


Figure 20. A comparison of the predicted human operative 
temperature with the current ASHRAE effective temperature 
scale for various clothing insulations. 
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Figure 21. The 
regu I atory skin 
as predicted by 


relationship between skin temperature, 
wettedness, and humid operative temperature 
our mode I . 
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Figure 23. A new effective temperat 
constant wettedness caused by regula 
shaded zone on the left represents " 
heavily shaded area is tolerable onl 
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CHAPTER 4 


PRESSURE 

A. General 

The investigation into the effects of atmospheric 
pressure and its time rate of change suffered from a lack of 
informition since so little work has been done in this area 
in regard to comfort. Most of the information available on 
pressure deals with the critical pressures at which protec- 
tive measures must be taken. These critical points and the 
ideal points are used to note possible ranges in the comfort 
zone. The major problem in stating limits on the pressure 
comfort zone arise from the fact that the zone changes 
for persons who are acclimated to different initial pressures; 
that is, a person living at sea level and a person living at 
an altitude of 3,000 feet would have different zones in which 
they would feel comfortable. In this paper, the initial 
condition 'is taken as sea level and any variation in this in 
a field study would induce a raising of critical points. 

The critical altitude, at which point safety measures 
must be started, is established as being between 10,000 feet 
and 14,000 feet, when oxygen must be supplied. The reason 
is that the oxygen supply to the blood is decreased to the 
point of 85 percent saturation (2) which leads to dizziness 
in most sedentary persons. Most pressurized aircraft main- 
tain a pressure differential that enables them to have a 
cabin pressure equal to less than 7,000 feet (5). These 
pressurized aircraft use the critical altitude pressure 
(14,000 feet for the Boeing 707) as the starting point for 
safety measures in cases of decompression in flight (4). In 
cases of decompression, the flight may be continued at 9,000 
feet without ill effects on passengers. In cases where any 
exertion is taking place, these limits may be lowered (I), 
but since this paper deals with sedentary persons, this aspect 
of the problem was not investigated further. 
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B. Proposed Criterion 


The critical limit at which discomfort becomes intolerable 
appears to be placed at an altitude of 10,000 feet and the 
ideal comfort altitude at sea level. The first major change 
between these points appears at an altitude of 5,000 feet 
where some people are affected by the oxygen deficiency (2). 

The next critical point appears at 6,500 feet which is indi- 
cated by ventilation and pulse increase. Other limits have 
been set for various medical illnesses (5). These altitudes 
include 6,000; 8,000; and 14,000 feet, at which point oxygen 
or pressurization becomes necessary. 

These limits seem to establish a scale on which comfort 
could be measured, but lacking more detailed information, it 
is only a guideline for further study. 

The time rate of change of pressure is an area in which 
a great deal of disagreement arises in its effects on 
comfort. One reason for this disagreement arises from the 
fact that 'rates of pressure change are given as rates of 
change in altitude. This leads to some misconception since 
a 100 foot change in altitude starting at sea level produces 
a greater pressure change than an equal altitude change 
starting at 1,000 feet above sea level. Present standards 
for the rate of change of pressure are given at a 300 foot 
per minute descent and a 500 foot per minute ascent for 
commercial aircraft (6). The unbearable point is stated by 
McFarland (3) as 1,000 feet per minute. McFarland also gives 
a luxury zone of from 0 to 100 feet per minute. 

These critical points have been questioned, most notably 
by Waggoner (6), who stated that there was no difference 
found in a 700 foot per minute ascent and the recommended 
300 and 500 foot per minute limits. Waggoner’s studies were 
carried out for altitude changes from 0 to 7,500 feet. He 
did note, however, that persons instructed in methods of 
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equalizing pressure differential in the ears had much less 
trouble than did persons not so instructed. 

Since there is so little information in this area, the 
300 feet per m i n ute descent/500 feet per minute ascent should 
be followed until further investigations are made into the 
raising of these limits. A comfort scale in regard to time 
rate of change of pressure is not constructed since it would 
loose its usefulness due to the lack of sufficient data 
points. 
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CONCIUS IONS 


The research for this paper has shown a lack of necessary 
information for constructing reliable comfort equations using 
field and laboratory results only. The area of thermal com- 
fort requires more work on building of a mathematical model 
of man to increase the practicability of determining the 
comfort equation. The effort to write comfort equations for 
pressure and noise requires additional field study and 
possibly the construction of a mathematical model of man's 
ear for study of both pressure and noise. 

The comfort limits on the various parameters that were 
investigated are as follows: 

Vibration Vertical direction, see Fig. 2 

Chapter I 

Lateral direction, see Fig. 3 
Chapter I 

(1) Dry-Bulb Between 72 and 80° F when MRT 

Temperature equals dry-bulb temperature 

. Rate of Change Rate of change times change in 

dry-bulb temperature less 
than 30° F /hr with MRT 
constant and with period less 
than A T/ /iT. 

(2) Relative Humidity Between 25 and 60% 

Rate of Change RH less than 45 x /I + ( 2tt Peri od/2 ) 

for light suit. / 2-n Period 

(3) Mean Radiant Between 85 and 70° F with higher 

Temperature values relating to lower dry-bulb 

temperatures. 

Rate of Change Less than 3° F per hour with peak 

to peak variations greater than 
I .5° F. 

(4) Air Velocity Between 15 and 45 feet per minute. 

(5) Atmospheric Less than 6,500 feet. 

Pressure 
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Rate of Change 300 feet per minute descent 

and 500 feet per minute ascent. 

(6) Noise Less than 80 decibels PNL with 

less than 90 decibels SPL in 
any octave band. 
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